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USE OF NUCLEIC ACIDS CONTAINING UNMETHVLATED C P a 
DINUCLEOTIDE AS AN ADJUVANT 

FIELD OF THE INVENTION 

This invention relates to generally to adjuvants, and specifically to the use of 
oligonucleotides having at least one unmethylated CpG dinucleotide (CpG ODN) as an 
adjuvant. 

BACKGROUND OF THE INVENTION 
Bacterial DNA, but not vertebrate DNA, has direct immunostimulatory effects on 
peripheral blood mononuclear cells (PBMC) in vitro (Krieg et al. t 1995). This 
lymphocyte activation is due to unmethylated CpG dinucleotides, which are present at the 
expected frequency in bacterial DNA (1/16), but are under-represented (CpG suppression, 
1/50 to 1/60) and methylated in vertebrate DNA. Activation may also be triggered by 
addition of synthetic oligodeoxynucleotides (ODN) that contain an unmethylated CpG 
dinucleotide in a particular sequence context. It appears likely that the rapid immune 
activation in response to CpG DNA may have evolved as one component of the innate 
immune defense mechanisms that recognize structural patterns specific to microbial 
molecules. 

CpG DNA induces proliferation of almost all (>95%) B cells and increases 
immunoglobulin (Ig) secretion. This B cell activation by CpG DNA is T cell independent 
and antigen non-specific. However, B cell activation by low concentrations of CpG DNA 
has strong synergy with signals delivered through the B cell antigen receptor for both B 
cell proliferation and Ig secretion (Krieg et al. y 1995). This strong synergy between the B 
cell signaling pathways triggered through the B cell antigen receptor and by CpG DNA 
promotes antigen specific immune responses. In addition to its ditecf effects on B cells, 
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CpG DNA also directly activates monocytes, macrophages, and dendritic cells to secrete a 
variety of cytokines, including high levels of IL-12 (Klinman et aL, 1996; Halpern et aL, 
1996; Cowdery et aL, 1996). These cytokines stimulate natural killer (NK) cells to 
secrete g-interferon (IFN-g) and have increased lytic activity (Klinman et aL, 1996, supra; 

5 Cowdery et aL, 1996, supra; Yamamoto et aL, 1992; Ballas et aL, 1996). Overall, CpG 
DNA iriduces a Thl like pattern of cytokine production dominated by IL-12 and IFN-g 
with little secretion of Th2 cytokines (Klinman et aL, 1996). The strong direct effects 
(T cell independent) of CpG DNA on B cells, as well as the induction of cytokines which 
could have indirect effects on B-cells via T-help pathways, suggests utility of CpG DNA 

10 in the form of ODN as a vaccine adjuvant. 

A DNA vaccine induces immune responses against an antigenic protein expressed 
in vivo from an introduced gene. The DNA vaccine is most often in the form of a 
plasmid DNA expression vector produced in bacteria and then purified and delivered to 
15 muscle or skin (see Vogel and Sarver, 1995; Brazolot Millan and Davis, 1997; Donnelly 
et aL , 1 996). DNA vaccines have been demonstrated to show efficacy against numerous 
viral, bacterial and parasitic diseases in animal models. Almost all studies show induction of 
very strong and long-lasting humoral and cell-mediated immune responses, and protection 
against live pathogen challenge (where it could be evaluated). The efficacy of DNA 
20 vaccines is attributed, at least in part, to the continuous, in vivo synthesis of antigen that 
leads to efficient antigen presentation. In particular, endogenously-synthesized antigen is 
presented by class I MHC, leading to induction of CD8+ cytotoxic T lymphocytes (CTL). In 
contrast, most whole killed and submit vaccines, where antigen is processed solely in the 
exogenous form, often fail to induce CTL. More recently however, it has been shown that 
25 the presence of unmethylated CpG motifs in the DNA vaccines is essential for the induction 
of immune responses against the antigen (Sato et aL, 1996). 

Hepatitis B virus (HBV) poses a serious world-wide health problem. The current 
HBV vaccines are subunit vaccines containing particles of HBV envelope protein(s) which 
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include several B and T cell epitopes known collectively as HBV surface antigen (HBsAg) 
The HBsAg particles may be purified from the plasma of chronically infected individuals or 
more commonly are produced as recombinant proteins. These vaccines induce antibodies 
agamst HBsAg (anti-HBs), which confer protection if present in titers 10 milli-International 
Units per milliliter (mlU/ml) (Ellis, 1 993). While the subunit vaccines are safe and generally 
efficacious, they fail to meet all current vaccination needs. For example, early vaccination of 
infants bom to chronically infected mothers, as well as others in endemic areas, drastically 
reduces the rate of infection, but a significant proportion of these babies will still become 
chronically infected themselves. This could possibly be reduced if high titers of ariti-HBs 
antibodies could be induced earlier and if there were HBV-specific CTL. In addition, there 
are certain individuals who fail to respond (non-responders) or do not attain protective 
levels of immunity (hypo-responders). Finally, there is an urgent need for an effective 
treatment for the estimated 350 million chronic carriers of HBV and a therapeutic vaccine 
could meet this need. 

SUMMARY OF THE INVENTION 
The present invention is based on the finding that nucleic acids containing at least 
one unmethylated cytosine-guanine (CpG) dinucleotide affect the immune response in a 
subject by activating natural killer cells (NK) or redirecting a subject's immune response 
from a Th2 to a Thl response by inducing monocytic and other cells to produce Thl 
cytokines. These nucleic acids containing at least one unmethylated CpG can be used as 
an adjuvant, specifically to induce an immune response against an antigenic protein. 

In one embodiment, the invention provides a method of inducing an immune 
response in a subject by administering to the subject a therapeutically effective amount of 
a nucleic acid encoding an antigenic protein and a therapeutically effective amount of an 
oligonucleotide containing at least one unmethylated CpG dinucleotide. 

In another embodiment, the invention provides a method for treating a subject 
having or at risk of having a virally mediated disorder by administering to the subject a ' 
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therapeutically effective amount of a nucleic acid encoding an antigenic protein and an 
effective amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide. 

In further embodiment, the invention provides a method for treating a subject 
having or at risk of having a chronic viral infection by administering to the subject an 
effective amount of an antigenic polypeptide and an effective amount of an 
oligonucleotide containing at least one unmethylated CpG dinucleotide. 

In another embodiment, a pharmaceutical composition containing an 
immumostimulatory CpG oligonucleotide and a nucleic acid encoding an antigenic protein 
in a pharmaceutically acceptable carrier is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph illustrating humoral responses in BALB/c mice immunized with 
1 g recombinant HBsAg protein alone, adsorbed onto alum (25 mg Al 3+ /mg HBsAg), with 
100 g of immunostimulatory CpG ODN, or with both alum and CpG ODN. Each point 
represents the group mean (n=10) for titers of anti-HBs (total IgG) as determined in 
triplicate by end-point dilution ELISA assay. End-point titers were defined as the highest 
plasma dilution that resulted in an absorbance value (OD 450) two times greater than that 
of control non-immune plasma with a cut-off value of 0.05. The upper graph shows 
results on a linear scale and the lower graph shows results on a logarithmic scale (log 10 ). 

FIG. 2 is a graph illustrating humoral responses in BALB/c mice immunized with 
1 g recombinant HBsAg protein with alum and with 0, 10, 100 or 500 g of CpG ODN added. 
Each point represents the group mean (n^lO) for anti-HBs titers (total IgG) as determined 
by end-point dilution ELISA assay. 
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FIG. 3 is a graph of humoral responses in C57BL/6 mice immunized with 1 g 
recombinant HBsAg protein without adjuvant, with alum, with 100 g of CpG ODN, or with 
both alum and CpG ODN. Mice were boosted in the identical fashion after 6 weeks! Each 
point represents the group mean (n-5) for anti-HBs titers (total IgG) as determined by 
5 end-point dilution ELISA assay. 

FIG. 4 is a graph of humoral responses in C57BL/6 mice immunized with 1 g 
recombinant HBsAg protein without adjuvant, or with 1, lOor 100 g of CpG ODN. Mice 
were boosted in the identical fashion after 6 weeks. Each point represents the group mean 
io (n=5) for anti-HBs titers (total IgG) as determined by end-point dilution ELISA assay. 

FIG. 5 is a graph of humoral responses in B10.S hypo-responder mice immunized 
with 1 g recombinant HBsAg protein without adjuvant, with alum, and/or with 10 g of CpG 
ODN. Each point represents the group mean (n-5) for anti-HBs titers (total IgG) as 
« determined by end-point dilution ELISA assay. 

FIG. 6 is a graph of humoral responses in C2D non-responder mice immunized with 
1 g recombinant HBsAg protein with alum or with alum plus 10 g of CpG ODN. Each point 
represents the group mean (n=5) for anti-HBs titers (total IgM or IgG) as determined by 
20 end-point dilution ELISA assay. 

FIG. 7 is a bar graph illustrating humoral responses in C57BL/6 mice at 8 weeks 
after immunization with 1 g recombinant HBsAg protein without adjuvant, with alum, with 
100 g of CpG ODN, or with both alum and CpG ODN. Mice had been boosted in the 
25 identical fashion at 6 weeks. Each point represents the group mean (n=5) for anti-HBs titers 
(IgGl and IgG2a isotypes) as determined by end-point dilution ELISA assay. 

FIG. 8 is a graph of humoral responses in BALB/c mice immunized with 10 g 
HBsAg-expressing DNA vaccine (pCMV-S) injected alone or with 100 or 500 g of CpG 
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ODN added. Each point represents the group mean (n=10) for anti-HBs titers (total IgG) as 
determined by end-point dilution ELISA assay. 

FIG. 9 is a graph of humoral responses in B10.S mice immunized with 2 g 
recombinant HBsAg protein without adjuvant or with 50 g pCMV-S DNA vaccine. Each 
point represents the group mean (n=5) for anti-HBs titers (total IgG) as determined by 
end-point dilution ELISA assay. 

FIG. 10 is a graph of humoral responses in newborn BALB/c mice immunized with 
1 g recombinant HBsAg protein with alum or with 10 g pCMV-S DNA vaccine on the day 
of birth or 7 days later. Each point represents the group mean (n=l 0) for anti-HBs titers 
(total IgG) as determined by end-point dilution ELISA assay. 

FIG. 1 1 is a graph of humoral responses in BALB/c mice primed with 10 g 
HBsAg-expressing DNA vaccine (pCMV-S) and given 2 g recombinant HBsAg protein at 
the same time in the same or a different muscle or given the HBsAg 2 or 8 weeks later. Each 
point represents the group mean (n=10) for anti-HBs titers (total IgG) as determined by 
end-point dilution ELISA assay. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is to be understood that this invention is not limited to the particular methodology, 
protocols, sequences, models and reagents described as such may, of course, vary. It is also 
to be understood that the terminology used herein is for the purpose of describing particular 
embodiments only, and is not intended to limit the scope of the present invention which will 
be limited only by the appended claims. 

All publications mentioned herein are incorporated herein by reference for the 
purpose of describing and disclosing the oligonucleotides and methodologies which are 
described in the publications which might be used in connection with the presently 
described invention. 

6 
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The binding of DNA to cells has been shown to be similar to a iigand receptor 
interaction: binding is saturable, competitive, and leads to DNA endocytosis and 
degradation into oligonucleotides (Bennet, R.M., et ai f J. Clin. Invest. 76:2182, 1985). Like 
DNA, oligodeoxyribonucleotides are able to enter cells in a process which is sequence, 

5 temperature, and energy independent (Jaroszewski and Cohen, Ad Drug Del. Rev. 6:235, 
1991). An "oligodeoxyribonucleotide" as used herein is a deoxyribonucleic acid sequence 
from about 3-50 bases in length. Lymphocyte oligodeoxyribonucleotide uptake has been 
shown to be regulated by cell activation (Krieg, A.M., et al , Antisense Research and 
Development 1:161, 1 991). The present invention is based on the finding that certain 

10 oligonucleotides (ODN) containing at least one unmethylated cytosine-guanine (CpG) 
dinucleotide activate the immune response. 

In one embodiment, the invention provides a method for stimulating an immune 
response in a subject by administering a therapeutically effective amount of a nucleic acid 
15 sequence containing at least one unmethylated CpG. The term "nucleic acid" or 

"oligonucleotide" refers to a polymeric form of nucleotides at least five bases in length. The 
nucleotides of the invention can be deoxyribonucleotides, ribonucleotides, or modified 
forms of either nucleotide. Generally, double-stranded molecules are more stable in vivo, 
while single-stranded molecules have increased activity. 

20 

The nucleic acid molecule can include the use of phosphorothioate or 
phosphorodithioate rather than phosphodiesterase linkages within the backbone of the 
molecule, or methylphosphorothioate terminal linkages (Krieg, A.M., et al. y Antisense and 
Nucl Acid Drug Dev 6: 133-9, 1996; Boggs, R.T., et al, Antisense and Nucl Acid Drug Dev y 

25 7:461-71, 1997). The phosphate backbone modification can occur at the 5 f end of the 

nucleic acid, for example at the first two nucleotides of the 5 1 end of the nucleic acid. The 
phosphate backbone modification may occur at the 3' end of the nucleic acid, for example at 
the last five nucleotides of the 3' end of the nucleic acid. International Patent Application 
WO 95/26204, entitled "Immune stimulation by phosphorothioate oligonucleotide analogs" 

30 reports the nonsequence-specific immunostimulatory effect of phosphorothioate modified 
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oligonucleotides. Nontraditional bases such as inosine and queosine, as well as acetyl-, 
thio- and similarly modified forms of adenine, cytidine, guanine, thymine, and uridine can 
also be included, which are not as easily recognized by endogenous endonucleases. Other 
stabilized nucleic acid molecules include: nonionic DNA analogs, such as alkyl- and aryl- 
phosphonates (in which the charged oxygen moiety is alkylated). Nucleic acid molecules 
which contain a diol, such as tetrahyleneglycol or hexaethyleneglycol, at either or both 
termini are also included. The term "oligonucleotide" includes both single and double- 
stranded forms of DNA. 

A "CpG" or "CpG motif* refers to a nucleic acid having a cytosine followed by a 
guanine linked by a phosphate bond. The term "methylated CpG" refers to the methylation 
of the cytosine on the pyrimidine ring, usually occurring the 5-position of the pyrimidine 
ring. The term "unmethylated CpG" refers to the absence of methylation of the cytosine on 
the pyrimidine ring. Methylation, partial removal, or removal of an unmethylated CpG 
motif in an oligonucleotide of the invention is believed to reduce its effect. Methylation or 
removal of all unmethylated CpG motifs in an oligonucleotide substantially reduces its 
effect. The effect of methylation or removal of a CpG motif is "substantial" if the effect is 
similar to that of an oligonucleotide that does not contain a CpG motif. 

v Preferably the CpG oligonucleotide is in the range of about 8 to 30 bases in size. 
For use in the instant invention, the nucleic acids can be synthesized de novo using any of a 
number of procedures well known in the art. For example, the b-cyanoethyl 
phosphoramidite method (Beaucage, S.L., and Caruthers, M.H., TeL Let. 22:1859, 1981); 
nucleoside H-phosphonate method (Garegg et al., TeL Let. 27:4051-4054, 1986; Froehler 
etal 9 Nucl Acid Res. 14:5399-5407, 1986, ; Garegg etaL, TeL Let. 27:4055-4058, 1986, 
Gaffiiey et aL, Tet. Let. 29:26 19-2622, 1988). These chemistries can be performed by a 
variety of automated oligonucleotide synthesizers available in the market. Alternatively, 
CpG dinucleotides can be produced on a large scale in plasmids, (see Sambrook, T., et al., 
Molecular Cloning: A Laboratory Manual. Cold Spring Harbor laboratory Press, New York, 
1989) which after being administered to a subject are degraded into oligonucleotides. 

8 
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Oligonuc.ec.ides can be prepared from e xis ti „ s nuCeic acid sequences (,,.. g e nomic or 
=DNA) us,„ g known techniques, such as those emptying friction enzymes, e„onuc.eases 

or endonucleases. 



10 



15 



20 



25 



For use i nvivo , nucleic acids are preferably relatively resistant to delation (e R 
v. endo-and exo-nucleases). Secondary structures, such as stem loops, can stabilize nuctic 
acids agamst degradation. Alternatively, nuc.eic acid stabilization can be accomplished via 
Phosphate backbone modification, A preferred stabilized nucleic acid has at least a partial 
phosphorothioate modified backbone. Phosphorothioates may be synthesized using 
automated techniques employing either phosphoramidate or H-phosphonate chemistries 
Aryl-and alkyl-phosphonates can be made, e.g., as described in U.S. Patent No 4 469 863- 
and alkylphosphotrieste, (in which the charged oxygen moiety is alkylated as described in 
U S^Patent No. 5,023,243 and European Patent No. 092,574) can be prepared by automated 
sohd phase synthesis using commercially available reagents. Methods for making other 
DNA backbone modifications and substitutions have been described (Uhlmann E and 
Peyman, A., Chem. Rev. 90:544, 1990; Goodchild, J., Bioconjugate Chem. 1:,65, 1990). 

For administration in vivo, nucleic acids may be associated with a molecule that 
results m higher affinity binding to target cell (e.g., B-cell, monocytic cell and natural killer 
(NK) cell) surfaces and/or increased cellular uptake by target cells to form a "nucleic acid 
dehvery complex." Nucleic acids can be ionically or covalently associated with appropriate 
molecules using techniques which are well known in the art. A variety of coupling or 
cross-lmking agents can be used, e.g., protein A, carbodiimide, and N-succinimidyl- 
3-(2-pyndyldithio) propionate (SPDP). Nucleic acids can alternatively be encapsulated in 
liposomes or virosomes using well-known techniques. 

In one embodiment, the nucleic acid sequences useful in the methods of the 
invention are represented by the formula: 

SV^CGX^y (SEQIDNO:!) 
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wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymidine; X 2 is cytosine or thymine, N is any nucleotide and N, + N 2 is from about 
0-26 bases. In a preferred embodiment, N, and N 2 do not contain a CCGG quadmer or more 
than one CGG trimer; and the nucleic acid sequence is from about 8-30 bases in length. 
However, nucleic acids of any size (even may kb long) can be used in the invention if CpGs 
are present, as larger nucleic acids are degraded into oligonucleotides inside cells. Preferred 
synthetic oligonucleotides do not include a CCGG quadmer or more than one CCG or CGG 
trimer at or near the 5' or 3' terminals and/or the consensus mitogenic CpG motif is not a 
palindrome. A "palindromic sequence" or "palindrome" means an inverted repeat {i.e., a 
sequence such as ABCDEE'D'C'B'A', in which A and A' are bases capable of forming the 
usual Watson-Crick base pairs. 

In another embodiment, the method of the invention includes the use of an 
oligonucleotide which contains a CpG motif represented by the formula: 

S'N.X.XXGXAN^' (SEQ IDNO:2) 
wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the group 
consisting of GpT, GpG, GpA, ApT and ApA; X 3 X 4 is selected from the group consisting 
of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. In a preferred 
embodiment, N, and N 2 do not contain a CCGG quadmer or more than one CCG or CGG 
trimer. CpG ODN are also preferably in the range of 8 to 30 bases in length, but may be of 
any size (even many kb long) if sufficient motifs are present, since such larger nucleic acids 
are degraded into oligonucleotides inside of cells. Preferred synthetic oligonucleotides of 
this formula do not include a CCGG quadmer or more than one CCG or CGG trimer at or 
near the 5' and/or 3' terminals and/or the consensus mitogenic CpG motif is not a 
palindrome. Other CpG oligonucleotides can be assayed for efficacy using methods 
described herein. An exemplary nucleic acid sequence of the invention is 
5^TCCATGACGTTCCTGACGTT-3' (SEQ ID NO:3). 

A prolonged effect can be obtained using stabilized oligonucleotides, where the 
oligonucleotide incorporates a phosphate backbone modification {e.g., a phosphorothioate 
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m ° difiCOti0n) M ° re - backbone modiflcation 

-curs « the 5. end of the nucleic acid for examp.e, a t the fa ^ nucleotides of , ^ 
of the „ucle,c acid. Further, the phosphate backbone modjfication ^ ^ 
^nucleic acid for example, a„he las, five nuclides of the y end of the nudeic acid 
Prefer nucleic acids containing an unmethylated CpO have a relatively high summation 
v*h .regard ,o B cell, monocyte, and/or natural killer cell responses (e.g., induction of 
cytotanes, proliferative responses, lytic responses, among other,). 

Nucleic acids comaMng an unnx.hyla.ed CpO can be effect in any mammal 
preferably a Human Differen, nucleic acias coniaining an unmelhylaud Cpa can cause 

of shit In the or, can identify .he optimal oligonucleotides useful for a particular 

mammalian species of interest. 

The "stimulation index" is a measure of a CpG ODN to effect an immune response 
which can be tested in various immune cell assay, The stimulation of the immune response 
can be assayed by measuring various immune parameters, , g ., measuring the antibody- 
forming capacity, number of lymphocyte subpopulations, mixed leukocyte response assay 
lymphocyte proliferation assay. The stimulation of the immune response can also be 
measured in an assay to determine resistance to infection or tumor growth. Methods for 
measuring a stimulation index are well known to one of skill in the art. For example one 
assay 1S the incorporation of 3 H uridine in a murine B cell culture, which has been contacted 
with a 20uM of oligonucleotide for 20h at 37°C and has been pulsed with 1 uCi of >H 
undine; and harvested and counted 4h later. The induction of secretion of a particular 
cytokine can also be used to assess the stimulation index. Without meaning to be bound by 
theory, for use in v/vo. for example to treat a subject at risk of exposure to a hepatitis virus 
* is important that the CpG ODN be capable of effectively inducing cytokine secretion by' 
monocytic cells and/or Natural Killer (NK) cell lytic activity. In one method the 
stimulation index of the CpG ODN with regard to B-cell proliferation is at least about 5 
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preferably at least about 10, more preferably at least about 1 5 and most preferably at least 
about 20, while recognizing that there are differences in the stimulation index among 
individuals. 

The CpG ODN of the invention stimulate cytokine production (e.g., IL-6, IL-12, 
IFN-y, TNF-a and GM-CSF). Exemplary sequences include: 

TCCATGTCGCTCCTGATGCT (SEQ ID NO:4), 

TCCATGTCGTTCCTGATGCT (SEQ ID NO:5), and 

TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:6). 
The CpG ODN of the invention are also useful for stimulating natural killer cell (NK) lytic 
activity in a subject such as a human. Specific, but nonlimiting examples of such sequences 
include: 

TCGTCGTTGTCGTTGTCGTT (SEQ ID NO:7), 
TCGTCGTTTTGTCGTTTTGTCGTr (SEQ ID NO:6), 
TCGTCGTTGTCGTTTTGTCGTT (SEQ ID NO:8), 
GCGTGCGTTGTCGTTGTCGTT (SEQ ID NO:9), 
TGTCGTTTGTCGTTTGTCGTT (SEQ ID NO:10), 
TGTCGTTGTCGTTGTCGTT (SEQ ID NO: 1 1 ), and 
TCGTCGTCGTCGTT (SEQ ID NO: 12). 
The nucleic acid sequences of the invention are also useful for stimulating B cell 
proliferation. Specific, but nonlimiting examples of such sequences include: 
TCCTGTCGTTCCTTGTCGTT (SEQ ID NO: 1 3), 
TCCTGTCGTTTTTTGTCGTT (SEQ ID NO: 14), 
TCGTCGCTGTCTGCCCTTCTT (SEQ ID NO: 15), 
TCGTCGCTGTTGTCGTTTCTT (SEQ ID NO: 16), 
TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:6), 
. TCGTCGTTGTCGTTTTGTCGTT (SEQ ID NO:8) and 
TGTCGTTGTCGTTGTCGTT (SEQ ID NO: 1 1). 
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Preferred CpG ODN can effect at least about 500 pg/ m , of TNF-a, 15 pg/ml iFN-v 
70 pg/ml of GM-CSF 275 pg/ml of IL-6, 200 Pg /ml IL-12, depending on the therapeutic ' 
indication. These cytokines can be measured by assays well known in the art. The ODNs 
listed above or other preferred CpG ODN can effect at least about 1 0%, more preferably at 
least about 15% and most preferably at least about 20% YAC-1 cell specific lysis or at least 
about 30%, more preferably at least about 35%, and most preferably at least about 40% 
2C 1 1 cell specific lysis, in assays well known in the art. 

An "antigenic polypeptide" is any polypeptide that can, under appropriate- 
conditions, induce an immune response. Antigenic polypeptides include, but are not limited 
to, viral proteins, or fragments thereof. Minor modifications of the primary amino acid 
sequences of a viral polypeptide may also result in a polypeptide which have substantially 
equivalent antigenic activity as compared to the unmodified counterpart polypeptide Such 
modifications may be deliberate, as by site-directed mutagenesis, or may be spontaneous. 
All of the polypeptides produced by these modifications are included herein as long as 
antigenicity still exists. One non-limiting example of an antigenic viral polypeptide is the 
hepatitis B surface antigen. 

The term "substantially purified" as used herein refers to a polypeptide which is 
substantially free of other proteins, lipids, carbohydrates or other materials with which it is 
naturally associated. One skilled in the art can purify viral polypeptides using standard 
techniques for protein purification. The substantially pure polypeptide will yield a single 
major band on a non-reducing polyacrylamide gel. The purity of the viral polypeptide can 
also be determined by amino-terminal amino acid sequence analysis. 

The invention utilizes polynucleotides encoding the antigenic polypeptides These 
polynucleotides include DNA, cDNA and UNA sequences which encode an antigenic 
polypeptide. Such polynucleotides include naturally occurring, synthetic, and intentionally 
manipulated polynucleotides. For example, polynucleotide enocing an antigenic 
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polypeptide may be subjected to site-directed mutagenesis, so long as the polypeptide 
remains antigenic. 

The term "polynucleotide" or "nucleic acid sequence" refers to a polymeric form of 
nucleotides at least 1 0 bases in length. By "isolated polynucleotide" is meant a 
polynucleotide that is not immediately contiguous with both of the coding sequences with 
which it is immediately contiguous (one on the 5' end and one on the 3' end) in the naturally 
occurring genome of the organism from which it is derived. The term therefore includes, for 
example, a recombinant DNA which is incorporated into a vector; into an autonomously 
replicating plasmid or virus; or into the genomic DNA of a prokaryote or eukaryote, or 
which exists as a separate molecule (e.g. a cDNA) independent of other sequences. The 
nucleotides of the invention can be ribonucleotides, deoxyribonucleotides, or modified 
forms of either nucleotide. The term includes single and double forms of DNA. 



In the present invention, the polynucleotide sequences encoding an antigenic 
polypeptide may be inserted into an expression vector. The term "expression vector" refers 
to a plasmid, virus or other vehicle known in the art that has been manipulated by insertion 
or incorporation of the genetic sequences encoding the antigenic polypeptide. 
Polynucleotide sequence which encode the antigenic polypeptide can be operatively linked 
to expression control sequences. "Operatively linked" refers to a juxtaposition wherein the 
components so described are in a relationship permitting them to function in their intended 
manner. An expression control sequence operatively linked to a coding sequence is ligated 
such that expression of the coding sequence is achieved under conditions compatible with 
the expression control sequences. As used herein, the term "expression control sequences" 
refers to nucleic acid sequences that regulate the expression of a nucleic acid sequence to 
which it is operatively linked. Expression control sequences are operatively linked to a 
nucleic acid sequence when the expression control sequences control and regulate the 
transcription and, as appropriate, translation of the nucleic acid sequence. Thus expression 
control sequences can include appropriate promoters, enhancers, transcription terminators, 
as start codon (i.e., ATG) in front of a protein-encoding gene, splicing signal for introns, 
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maintenance of the correct reading f rame of that , ene tQ ^ proper 
and stop codon, The term "control sequences" is intended to - Included, at a minimum ' 
components whose presence can influence expression, and can also include additional " 
components whose presence is advantageous, for example, leader sequences and fusion 
partner sequences. Expression control sequences can include a promoter. 

By "promoter" is meant minimal sequence sufficient to direct transcription Also 
included in the invention are those promoter elements which are sufficient to render 
promoter-dependent gene expression controllable for cell-type specific, tissue-specific or 
mducble by external signals or agents; such elements may be located in the 5' or 3' regions 
of the gene. Both constitutive and inducible promoters, are included in the invention (see 
e.g., Bitter "a/., ,987, Methods in Enzymology 153:516-544). Promoters derived from the 
genome of mammalian cells (e.g., metal.othionein promoter) or from mammalian viruses 
(e.g., the retrovirus long terminal repeat; the adenovirus late promoter; the vaccinia virus 
7.5K promoter) may be used. Promoters produced by recombinant DNA or synthetic 
techniques may also be used to provide for transcription of the nucleic acid sequences of the 
invention. 



By "therapeutically effective amount" is meant the quantity of a compound 
according to the invention necessary to prevent, to cure or at least partially arrest symptoms 
in a subject. A subject is any mammal, preferably a human. Amounts effective for 
therapeutic use will, of course, depend on the severity of the disease and the weight and 
general state of the subject. Typically, dosages used ,„ vitro may provide useful guidance in 
the amounts useful for in sUu administration of the pharmaceutical composition, and animal 
models may be used to determine effective dosages for treatment of particular disorders 
Vanous considerations are described, in Oilman at ai, eds., Goodman An. r,,^,. 
The Pharmacolop ira l Bases of Thymic , 8th ed., Pergamon Press, 1990- and 
R eminR ton-sPharmnrnmr.lSri.nr^, 17th ed., Mack Publishing Co., Easton, Pa., 1990, 
each of which is herein incorporated by reference. 
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An oligonucleotide containing at least one unmethylated CpG can be used alone to 
activate the immune response or can be administered in combination with another adjuvant. 
An "adjuvant" is any molecule or compound which can stimulate the humoral and/or 
cellular immune response. For example, when the oligonucleotide containing at least one 
thylated CpG is administered in conjunction with another adjuvant, the oligonucleotide 
be administered before, after, and/or simultaneously with the other adjuvant. The 
oligonucleotide containing at least one unmethylated CpG can have an additional efficacy 
{e.g., through antisense or other means) in addition to its ability to activate the immune 
response. 

The invention further provides a method of modulating the level of a cytokine. The 
term "modulate" envisions the suppression of expression of a particular cytokine when it is 
overexpressed, or augmentation of the expression of a particular cytokine when it is 
underexpressed. Modulation of a particular cytokine can occur locally or systemically. It is 
believed that the CpG oligonucleotides do not directly activate purified NK cells, but rather 
render them competent to respond to IL-1 2 with a marked increase in their IFN-y 
production. By inducing IL-1 2 production and the subsequent increased WH-y secretion by 
NK cells, the immunostimulatory nucleic acids also promote a Thl type immune response. 
No direct activation of proliferation or cytokine secretion by highly purified T cells has been 
found. Cytokine profiles determine T cell regulatory and effector functions in immune 
responses. 

Cytokines also play a role in directing the T cell response. Helper (CD4 + ) T cells 
orchestrate the immune response of mammals through production of soluble factors that act 
on other immune system cells, including other T cells. Most mature CD4 + T helper cells 
express one of two cytokine profiles: Thl or Th2. Thl cells secrete IL-2, IL-3, FN-?, 
TNF-p, GM-CSF and high levels of TNF-a. Th2 cells express IL-3, IL-4, IL-5, IL-6, IL-9, 
IL-10, IL-13, GM-CSF and low levels of TNF-a. The Thl subset promotes delayed-type 
hypersensitivity, cell-mediated immunity, and immunoglobulin class switching to IgG^. 
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T" humoral immuni ' y by activa,i " 8 B — • 

production, and inducmg class switching to IgO, and IgE. 

Seven,, factors have been shown ,o influence commitment to Thl or Th2 profiles 
The best charactered tegulators are cytokines. IL- 1 2 and IFN-y are positive Th 1 and ' 
negate Regulators. .L-,2 promotes IPN-v production, and ffN-v provides positive 
feedback for a-,2. um^O appear to be retired for the establishment of the Th2 
cy.ok.ne profile and to down-regulate Th 1 cytokine production; the effects of IL-4 are in 
somecasesdominan.overthoseofIL-,2. >L-.3 was shown to inhibit expression of 
.nflan^atory cytokines, including IL .,2 and TNF-a by L P S ,„ a u C ed monocytes, in a way 
stmnar to D^. The IL ., 2 p40 homodimer binds to me ,L,2 receptor and antagonizes 
IL-12 biological activity; thus it blocks the pro-Thl effects of IL-12. 

This invention fimher provides administering to a subject having or a , ^ of tavjng 
an vtrally mediated disorder, a therapeutical ly effective dose of a pharmaceutical 
composition containing the compounds of the present invention and a pharmaceutical,, 
acceptable carrier. "Administering- the pharmaceutical composition of the present 
invention may be accomplished by any means known to the skilled 



artisan. 



The pharmaceutical compositions according to the invention are in general 
administered topieaUy, intravenously, oral.y, parenterally or as implants, and even rectal use 
■s possible in principle. Suitable solid or liouid pharmaceutical predion forms are for 
example, granules, powders, tablets, coated tablets, (microcapsules, suppositories, synips 
emuhaons, suspensions, creams, aeroso.s, drops or injectable solution in ampule form and' 
also preparations with protracted release of active compounds, in whose preparation 
exeptents and additives and/or auxiliaries such as disintegrants, binders, coating agents 
swelhng agents, lubricants, flavorings, sweeteners or solubilizers are customarily used as 
d«c„bed above. The pharmaceutical compositions are suitable for use in a variety of drug 
delivery systems. Forabrief review ofpresent methods for drug del iW ee J^nger 
Science 242:1527-1533, 1990, which is incorporated herein by reference 
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The pharmaceutical compositions are preferably prepared and administered in dose 
units. Solid dose units are tablets, capsules and suppositories. For treatment of a patient, 
depending on activity of the compound, manner of administration, nature and severity of the 
disorder, age and body weight of the patient, different daily doses are necessary. Under 
certain circumstances, however, higher or lower daily doses may be appropriate. The 
administration of the daily dose can be carried out both by single administration in the form 
of an individual dose unit or else several smaller dose units and also by multiple 
administration of subdivided doses at specific intervals. 

The pharmaceutical compositions according to the invention may be administered 
locally or systemically. By "therapeutically effective dose" is meant the quantity of a 
compound according to the invention necessary to prevent, to cure or at least partially arrest 
the symptoms of the disorder and its complications. Amounts effective for this use will, of 
course, depend on the severity of the disease and the weight and general state of the patient. 
Typically, dosages used in vitro may provide useful guidance in the amounts useful for in 
situ administration of the pharmaceutical composition, and animal models may be used to 
determine effective dosages for treatment of particular disorders. Various considerations are 
described, e.g., in Oilman at ai, eds., HnnHmnn And Oilman's: The Pharmacological Bases 
of Therapeutics. 8th ed., Pergamon Press, 1990; and Remington's Pharmaceutical Sciences, 
17th ed., Mack Publishing Co., Easton, Pa., 1990, each of which is herein incorporated by 
reference. 

The following examples are intended to illustrate but not to limit the invention in any 
manner, shape, or form, either explicitly or implicitly. While they are typical of those that 
might be used, other procedures, methodologies, or techniques known to those skilled in the 
art may alternatively be used. 
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EXAMPLES 

Here we evaluate the use of CpO ODN as an adjuvant for immunization of mic«= 
agatns, hepatitis B virus surface a„ tig e„ (HbsAg, given as a recombinant protein or 
expressed in vivo from a DNA vaccine. 

Compared with the recombinant protein vaccine alone, addition of either CpO ODN 
or alum alone resulted in a 10-!00 fo.d increase in the level of antibodies against HBsAg 
(anu-HBs). However when used together, these two adjuvants resulted in 500-1000 times 
h.gher levels of anti-HBs, indicating a strong synergistic response, tmmunization with 
HBsAg alone or with alum resulted in a strong Tl,2-type response with a,most all IgO being 
of the IgGl isotype. CpO ODN induced a high proportion of IgG2a, indicative of a Thl-type 
response, even in the presence of alum. 

DNA "vaccines" also induce potent Thl-ty P e immune responses and this is likely 
due m large part to the presence of CpG motifs in the bacterial ly-derived plasmid DNA We 
show here that responses are further augmented by the addition of CpG ODN to the DNA 
vaccine. The DNA vaccine but not the protein subunit vaccine was able to induce anti-HBs 
m rmce injected on the day of birth. A combination approach of DNA prime and protein 
boost appears to be particularly effective for vaccination purposes, although a sufficient 
penod (>2 weeks) must elapse before a boosting response is seen. These studies 
demonstrate that the addition of CpG ODN to protein or DNA vaccines is a valid new 
adjuvant approach to improve efficacy. 

MATERIALS AND METHODS 

Animals 

Experiments on adult mice were carried put using female BALB/c (H-2« good 
responded C57BL/6 (B10, H-2», fair.responder) and B10.S (H-2' ,MHC-restricted 
hypo-responder to HBsAg) mice (Charles River, Montreal, QQ at 6-8 weeks of age Mice 
wth class H MHC deficiency (C2D, H-2>, GenPhanp, Mountain View, CA) due to gene 
knockout were used as a model of a non-responder. 
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Newborn mice were obtained through breeding male and female BALB/c mice 
(Charles River) in our own animal facility (Loeb Research Institute, Ottawa Civic Hospital, 
Ottawa, ON). Pregnant females were monitored daily to ensure accurate recording of the 
date of birth. Both male and female neonates were used for immunization. 

HbsAg subunit vaccination of mice 

The subunit vaccine consisted of HBsAg (ay subtype) which had been produced as a 
recombinant protein in yeast cells (Medix Biotech #ABH0905). This was diluted in saline 
for use without adjuvant. HBsAg was also formulated with alum and/or CpG ODN as 
adjuvant. HBsAg protein was mixed with aluminum hydroxide (Alhydrogel 85, [A1 2 0 3 ], 
Superfos Biosector, Vedbaek, Denmark) in the same ratio of 25 mg Al 3+ per mg protein as 
used in the commercial vaccines (i.e., 2.5 1 2% A1,0 3 per g HBsAg). The protein and alum 
were mixed with a vortex and then left on ice for at least 30 minutes prior to use to allow the 
protein to adsorb onto the Al 2 0 3 . This solution was mixed again immediately prior to 
injection by drawing up into the syringe 3-5 times. 

For groups treated with CpG ODN, an appropriate volume of synthetic 
oligodeoxynucleotide (ODN #1 826) of the sequence tccatgacgttcctgacgtt synthesized 
with a phosphorothioate backbone (Oligos Etc. & Oligo Therapeutics, Wilsonville, OR) was 
added alone or with alum to HBsAg on the day of injection. Adult mice received a single 
intramuscular (IM) injection into the left tibialis anterior (TA) muscle of 1 or 2 g HBsAg, 
without or with adjuvant (alum and/or CpG ODN), in 50 1 vehicle. When CpG DNA was 
added, each animal received a total of 1 , 1 0, 1 00 or 500 g ODN. Newborn mice were 
immunized within 24 hours of birth or 7 days after birth by bilateral injection of a total of 
1 g HBsAg into the posterior thigh muscles (2x101® 0.05 mg/ml). All injections were 
carried out with a 0.3 ml insulin syringe which has a fused 29G needle (Becton Dickenson, 
Franklin Lakes, NJ). For injection of adults, the needle was fitted with a collar of 
polyethylene (PE) tubing to limit penetration of the needle to about 3 mm. All intramuscular 
injections were carried out through the skin (unshaved) and under general anesthesia 
(Halothane, Halocarbon Laboratories, River Edge, NJ). 
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DNA-based immunization of mice 

Mice were immunized against HBsAg using plasmid constructs encoding the major 
protein (S) of the HBV envelope. The plasmid pCPIO, containing two copies of the HBV 
genome {ayw subtype; GeneBank reference HPBAYW) as a head-to-tail fusion (Dubois 
et al y 1980), was the source of the envelope coding sequences and the 3* untranslated 
sequences which include the viral polyadenylation signal. A 1.9 kb Xhol-BglR restriction 
fragment from pCPIO (containing the S coding sequences) was cloned into the 
corresponding sites of a modified p Bluescript SK vector containing extra restriction sites in 
the polylinker (kindly provided by Dr. Shahragim Tajbakhsh, Pasteur Institute). A 
Kpnl-BssHU restriction fragment was then removed and cloned into the pRc/CMV 
expression vector (Invitrogen) using the Kpn\ site of the polylinker and the BssHR site 
within the neomycin gene of the vector. This cloning step places the envelope sequences 
under the control of the CMV promoter and removes the bovine growth hormone 
polyadenylation sequences, the fl origin, the SV40 promoter and origin, and most of the 
neomycin gene. An SV40 polyadenylation signal from the pRc/CMV vector is found after 
the transcribed HBV sequences. This construct has been described previously (Davis et al. y 
1993) and is designated here as pCMV-S. 

DNA was purified on Qiagen anion-exchange chromatography columns (Qiagen 
GmbH, Hilden, Germany). This method, which yields predominantly supercoiled, 
double-stranded, closed circular DNA, results in virtually no contamination with 
chromosomal DNA, RNA or protein and very low contamination with endotoxin. The DNA 
was resuspended in sterile saline (0.1 5M NaCl, BDH) and the concentration of DNA was 
calculated based on absorbance of ultraviolet light (OD 260). The final concentration was 
adjusted to 0.1 to 1 mg/ml and the DNA solutions were stored at -20C until required for 
injection. 

Direct gene transfer in adult mice was carried out by unilateral or bilateral IM 
injection into the TA muscle of DNA in 50 1 such that each animal received a total of 1, 10 
or 100 g DNA. Newborn mice received a total of 10 g DNA by bilateral injection into the 
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posterior thigh muscles (2.x 10 1 @ 0.5 mg/ml). Injections were with a 0.3 ml insulin syringe 
which has a fused 29G needle, and for injection of adults the needle was fitted with a collar 
of PE tubing to limit penetration of the needle to about 2 mm. All intramuscular injections 
were carried out (through shaved skin for adults) under general anesthesia (Halothane) 

5 

Experimental groups 

Comparison of alum and CpG ODN as adjuvant, with HBsAg subunit vaccine 

Six groups of adult BALB/c mice (n=l0) were injected with 1 g HBsAg (i) alone, 

10 (ii) mixed with alum, (iii) mixed with 100 g CpG ODN, or (iv, v, vi) mixed with both alum 
and 10, 100 or 500 g CpG ODN. These mice were bled at 1, 2, 3 and 4 weeks after 
immunization and the plasma was assayed for anti-HBs. Groups of adult C57BL/6 (B10), 
B10.S and C2D mice (n=5) were injected 1 g HBsAg (i) alone, (ii) mixed with alum, (iii, iv, 
v) mixed with 1, 10 or 100 g CpG ODN, or (vi, vii) mixed with both alum and 10 or 100 g 

15 CpG ODN. Each animal was boosted by the identical procedure at 6 weeks. The mice were 
bled at 1 , 2, 4, 6 and 8 weeks after immunization and the plasma was assayed for anti-HBs. 

Use of CpG ODN as adjuvant, with HBsAg-expressing DNA vaccine 
if Three groups of adult BALB/c mice (n=10) were injected with a total of 10 g 

20 pCMV-S DNA alone or with 100 or 500 g CpG ODN added, divided between two injection 
sites. Groups of hypo-responder (B10.S) and congenic (B10) mice (n^lO) were immunized 
with 50 g pCMV-S DNA divided between two sites. 

Immunization of neonates with subunit or DNA vaccine 
25 Groups of newborn BALB/c mice (n=l 0) aged <24 hours or 7 days were injected 

with a total of 1 g HBsAg with alum or with 10 g pCMV-S DNA. Plasma was obtained at 4, 
8, 12 and 16 weeks for assay of anti-HBs. 
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Combined DNA prime with protein boost 

Five groups of BALB/c mice (n-10) were first immunized with a single injection 
into the left TA of 1 0 g pCMV-S, and received (i) no other treatment, or received 2 g pure 
HBsAg (no adjuvant) (ii) at the same time at the same site, (iii) at the same time and at a 
different site (left quadriceps), (iii) 2 weeks later at the different site or (iv) 8 weeks later at 
the different site. Mice were bled at 1 , % 4, 6, 8, 12, 20 and 24 weeks. 

Evaluation of immune response to HbsAg 

Heparinized blood was collected by retrobulbar puncture of lightly anaesthetized 
mice as described elsewhere (Michel et al. , 1995). Plasma was recovered by centrifugation 
(7 min @ 13,000 rpm). Antibodies specific to HBsAg in plasma were detected and 
quantified by end-point dilution ELISA assay (in triplicate) on individual samples. Ten-fold 
serial dilutions of plasma were first added to 96-well microtiter plates with a solid phase 
consisting of plasma-derived HBsAg particles (100 1/well of HBsAg ay subtype at 1 g/ml, 
15 coated overnight at RT) and incubated for 1 hr at 37C. The bound antibodies were then 
detected by incubation for 1 hr at 37C with HRP-conjugated goat anti-mouse IgG, IgM, 
IgGl or IgG2a (1 :4000 in PBS-Tween, 10% FCS; 100 1/well, Southern Biotechnology Inc., 
Birmingham, AL), followed by incubation with OPD solution (100 1/well, Sigma, St. Louis, 
MO) for 30 minutes at RT in the dark. The reaction was stopped by the addition of sulfuric 
20 acid (50 1 of 4N H 2 S0 4 ). End-point titers were defined as the highest plasma dilution that 

resulted in an absorbance value (OD 450) two times greater than that of non-immune plasma 
with a cut-off value of 0.05. Anti-HBs titers were expressed as group means of individual 
animal values, which were themselves the average of triplicate assays. 
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RESULTS 

CpG ODN versus alum as adjuvant for HBV subunit vaccine 

Strength and kinetics of humoral response ( 
5 Immunization of B ALB/c mice with HBsAg alone elicited only low titers of 

anti-HBs (<100) by 4 weeks. These titers were 10-fold higher with the addition of alum as 
adjuvant, 60-fold higher with CpG ODN and more than 500-fold higher with both alum and 
CpG ODN (FIG. 1). When combined with alum, there is a dose-response for CpG ODN 
with the best results being obtained with an intermediate dose (100 g) and similar soniewhat 
io poorer results being obtained with lower and higher doses (1 0 or 500 g) (FIG. 2). 

Nevertheless, all doses of CpG ODN greatly improved the titers compared to alum alone. 

In the C57BL/6 strain of mouse, antibody titers 4 weeks after HBsAg prime were 
about 10-times lower than those seen in BALB/c mice, but when boosted at 6 weeks rose to 
15 similar levels within 2 weeks. When used alone, alum and CpG ODN (100 g) each 

augmented the humoral response about 100-fold but when used together increased titers 
about 1000-fold. A dose-response for CpG ODN was also noted in these mice (in the 
absence of alum) with 100 g being superior to either 10 or 1 g, although all doses had an 
adjuvant effect (FIG. 4). 

20 

In the hypo-responder B10.S mice no anti-HBs antibodies were detected with 
HBsAg alone and low titers were obtained if either CpG ODN or alum are added. The use of 
alum and CpG together gives the best result although the synergy is less evident than in the 
BALB/c and C57BL/6 mice (FIG. 5). Non-responder (C2D) mice have no detectable 

25 anti-HBs after immunization with HBsAg alone. There are low levels of IgM with addition 
of alum and this is increased 4-fold with further addition of CpG ODN. There is essentially 
no detectable IgG after injection of HBsAg + alum, but low titers with both alum and CpG 
ODN (FIG. 6). Treatment with CpG DNA was well tolerated by all mice, even those 
receiving the 500 g dose. There was no apparent ruffling of fur, diarrhea or other signs of 

30 toxicity. 
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Thl versus Th2 responses 

Immunization with either HBsAg alone or with alum induces a predominantly 
Th2-type humoral response with almost all (>99%) antibodies being of the IgGl isotype. 
CpG ODN induces significantly more IgG2a antibodies, which are indicative of a Thl-type 
response, although IgGl still predominate. Remarkably, the combination of alum and CpG 
ODN induces about ten-times more IgG2a than IgGl, indicating a real shift from Th2 to Thl 
(FIG, 7). 

CpG ODN as adjuvant to HBV DNA vaccine 

DNA vaccines induced higher levels of anti-HBs more rapidly than did HBsAg, even 
when alum was included (compare FIG.s 1 and 8). Addition of CpG ODN to the pCMV-S 
DNA vaccine increased anti-HBs titers a further five-fold by 4 weeks. The 500 g dose was 
slightly better than the 100 g dose (FIG. 8). The DNA vaccine was also superior to the 
HBsAg subunit vaccine in hypo-responder mice. A single injection of DNA induced earlier 
15 appearance of anti-HBs, and these reached higher titers than with two doses of protein given 
at 0 and 4 weeks (FIG. 9). 

Antigen versus DNA-based immunization of neonates 

Mice immunized with HBsAg plus alum on the day of birth had no detectable 
20 anti-HBs even up to 16 weeks later. In contrast, those injected with the DNA vaccine had 
low levels of anti-HBs by 4 weeks and a good titer (10 3 ) by 16 weeks. Immunization of 
7 day old mice with either DNA or protein induced anti-HBs, although these appeared much 
earlier and were much higher with the DNA vaccine. In fact, the DNA vaccine at one day 
was superior to the protein vaccine given at 7 days (FIG. 10). 

25 

Combined DNA- and antigen-based immunization 

Co-administration of pure recombinant HBsAg and the DNA vaccine at either the 
same or different sites did not significantly improve titers of anti-HBs over those induced by 
the DNA vaccine alone. Nor was a boosting response seen when the HBsAg protein was 
30 given two weeks after the DNA vaccine. However, administration of the protein vaccine 
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8 weeks after the DNA vaccine gave a strong boosting response with titers increasing more 
than 10-fold over those with the DNA vaccine alone (FIG. 1 1). 

DISCUSSION 

CpG ODN versus alum as adjuvant with HBV subunit vaccine in mice 

CpG ODN is as good as or superior to alum when each is used alone as adjuvant 
with the HBsAg subunit vaccine in mice. This indicates that CpG ODN could be used to 
replace alum in vaccine formulations, which could be desirable to avoid associated 
side-effects due to local irritation in the muscle. Furthermore, for certain live-attenuated or 
multivalent vaccines, it is not possible to use alum which through chemical interactions 
interferes with the efficacy of the vaccine. This should not occur with CpG ODN. 

Of even greater interest is the strong synergistic response when CpG ODN and alum 
are used together to adjuvant the HBsAg subunit vaccine. In humans, this could result in a 
much higher proportion of individuals attaining protective titers of anti-HBs after two or 
possibly even one dose of vaccine. Furthermore, protective titers should be reached more 
quickly and this would be beneficial for immunization in endemic areas. There is a fairly 
weak dose response to CpG ODN whether or not alum is present, indicating that a wide 
range of CpG ODN could be useful to adjuvant vaccines in humans. 

CpG ODN induces Thl response even in presence of alum 

Aluminum hydroxide (alum) is currently the only adjuvant approved for human use. 
An important disadvantage of alum is that it induces a Th2- rather than a Thl -type immune 
response, and this may interfere with induction of CTL. Indeed, in mice immunized with 
recombinant HBsAg, the addition of alum selectively blocked activation of CD8 + CTL 
(Schirmbeck et al, 1994). Although not essential for protective immunity against HBV, 
CTL may nevertheless play an important role. For example, a lack of HBV-specific CTL is 
thought to contribute to the chronic carrier state. In contrast, one of the primary advantages 
of CpG DNA over alum as an adjuvant is the Thl-bias of the responses and thus the 
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possibility to induce CTL. A striking finding from the present study is that CpG , 
completely counteract the Th2-bias of alum when the two adjuvants are delivered together. 
This could allow one to capitalize on the strong synergistic action of the two adjuvants on 
the humoral response while still allowing CTL. 

The use of alum has been linked to Th2-type diseases. The much higher prevalence 
of asthma (another Th2-type disease) in more highly developed nations may be linked to the 
high hygiene level and rapid treatment of childhood infections (Cookson and Moffatt, 1997). 
Early exposure to bacterial DNA (and immunostimulatory CpG motifs) pushes the immune 
system away from Th2- and towards a Th 1 -type response and this may account for the lower 
incidence of asthma in less developed countries, where there is a much higher frequency of 
upper respiratory infections during childhood. Addition of CpG ODN as adjuvant to all 
pediatric vaccines could re-establish a Th I -type response thereby reducing the incidence of 
asthma. 



CpG dinucleotides and DNA vaccines 

More recently however, it has been shown that the presence of unmethylated CpG 
motifs in the DNA vaccines is essential for the induction of immune responses against the 
antigen, which is expressed only in very small quantities (Sato et al. , 1996). As such, the 
DNA vaccine provides its own adjuvant in the form of CpG DNA. Since single-stranded but 
not double-stranded DNA can induce immunostimulation in vitro (Krieg et al, unpublished 
observation), the CpG adjuvant effect of DNA vaccines in vivo is likely due to 
oligonucleotides resulting from plasmid degradation by nucleases. Only a small portion of 
the plasmid DNA injected into a muscle actually enters a myofiber and is expressed, the 
majority of the plasmids is degraded in the extracellular space. 

CpG and HBV vaccines for human use 

Prophylactic vaccine 

Fewer than 20% of healthy individuals attain protective levels of anti-HBs 
(10 mlU/ml) after a single dose of subunit HBV vaccine and only 60-70% reach this level 
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after two doses. Thus, three closes (usually given at 0, 1 and 6 months) are required to 
seroconvert >90% of vaccinated individuals. The three dose regime is frequently not 
completed owing to poor patient compliance, and in endemic areas, protective levels may 
not be induced quickly enough. Thus there is a need for a prophylactic vaccine that can 
induce protective immunity more quickly and with fewer doses. This might be possible with 
the addition of CpG ODN as an adjuvant to the subunit vaccine. Another possibility is an 
HBsAg-expressing DNA vaccine, which could be optimized by addition of CpG 
dinucleotide motifs. DNA vaccines would offer additional advantages such as relatively low 
cost and ease of manufacturing, and heat-stability which circumvents the requirement for a 
cold-chain. 

Neonates born in endemic areas require particularly rapid induction of strong 
HBV-specific immunity owing to the high rate of chronicity resulting from infection at a 
young age. Without immunoprophylaxis, 70-90% of infants bom to mothers positive for 
both HBsAg and the e antigen (HBeAg) become infected and almost all of these become 
chronic carriers (Stevens et al. , 1987). Even when vaccinated with a four dose regime of the 
HBV subunit vaccine commencing on the day of birth, 20% of such infants became 
chronically infected and this was reduced to only 15% if they were also given HBV-specific 
immunoglobulin (Chen et al. , 1996). Subunit or DNA vaccines with CpG adjuvant should 
reduce this further owing to a more rapid appearance and higher titers of anti-HBs 
antibodies and the induction of HBV-specific CTL, which could help clear virus from the 
liver of babies infected in utero, and which likely account for most of the failures with 
neonatal vaccination. DNA vaccines could be particularly effective if coupled with a protein 
boost. 

Non-responders and hypo-re sponders 

Between 5 and 1 0% of individuals are non-responders or hypo-responders to the 
subunit HBsAg vaccine. This may be MHC-restricted (Kruskall et al., 1992) and is thought 
to result from a failure to recogni^T-helper epitopes. In certain immunocompromised 
individuals (e.g., kidney dialysis patients, alcoholics) the rate of non-response can approach 
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50%. In the present study, alum plus CpG ODN gave higher anti-HBs titers than alum alone 
in a strain of mice which has MHC-restricted hypo-responsiveness to HBsAg, thought to 
result in a failure to recognize T-helper epitopes. CpG ODN also overcame non-response in 
mice genetically incapable of providing T-help owing to an absence of class II MHC 
(Milich, 1988). These results support the in vitro finding that CpG ODN drives the T cell 
independent activation of B cells. Use of CpG DNA as an adjuvant may increase the 
response rate to HBsAg in humans. A link between MHC phenotype and 
non-responsiveness to HBsAg has been demonstrated in humans (Kruskall et aL, 1992). 

Chronic carriers of HBV 

HBV chronicity results in 10-15% of individuals infected as adolescents or adults, 
but 90-95% for those infected (either vertically or horizontally) as infants. HBV chronicity 
eventually leads to cirrhosis and increased risk of hepatocellular carcinoma and an estimated 
one million people die each year from HBV-related liver disease. Persistent HBV infection 
of the liver results when acute infection fails to launch an appropriate immune response to 
clear the virus. Such chronic carriers have circulating HBsAg and HBV core antigen 
(HBcAg/HBeAg) without specific immunity. It is thought that the absence of HBV-specific 
CTL may contribute to the establishment and maintenance of the chronic carrier state. 
Indeed, many previously infected individuals, even years after clinical and serological 
recovery, have traces of HBV in their blood and HBV-specific CTL that express activation 
markers indicative of recent contact with antigen (Rehermann et ai, 1996). These results 
suggest that sterilizing immunity may not occur after HBV infection and that chronic 
activation of CTL is responsible for keeping the virus under control. 

There is currently no cure for the HBV chronic infection. Interferon is used currently 
but this cures only 10-20% of treated individuals (Niederau et al, 1996). Anti-viral drugs 
(e.g., lamivudine) can reduce circulating virus to undetectable levels, however these return 
to pretreatment levels if the drug is stopped. Each of these types of treatment is also 
expensive and has certain undesirable side-effects. 
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The possibility to induce a strong Th 1 -type response with CpO ODN added ,0 a 
subunit vaccine may help overcome the chronic carrier sate. For this application, it rmght 
be desirable to include additional B and T cell epitopes encoded by other domams of the 
HBV envelope protein (e.g., pre-Sl and pre-S2). Since the pre-Sl polypeptide may prevent 
secretion, it might be desirable to encode a truncated version of mis such as mat desenbed 
by Li c< at (1994) with only amino acids 21-47 which include the hepatocyte 
receptor-binding site and induce anti-preS 1 immune responses ye. still maintain particle 
secretion. Repeated doses of a subunit vaccine containing the middle HBV envelope protem 
(preS2 + S) reduced viral replication in 50% of vaccinated chronic earners (Pol elal. , 
1993). Addition of CpG ODN would presumably improve these results through .ts strong 
Thl bias. 

A DNA vaccine might also prove very effective as a therapeutic vaccine for HBV 
chronic carriers. We have previously shown that an HBsAg-expressing DNA vaccine could 
break tolerance to HBsAg in transgenic mice expressing HBsAg in the liver from before 
birth (Mancini et aL , 1996). This response appears to be mediated by T cells via a non-lyUc 
mechanism. Addition of C P G dinucleotide motifs that preferentially induce Thl cytokines 
and strong CTL responses could further improve DNA vaccines for applicaUon to HBV 
chronic carriers. 

CONCLUSION 

ODN containing CpG dinucleotides, in the proper base context to cause immune 
activation, are useful as an adjuvant to protein vaccines (whole pathogen or suburut). The 
CpG ODN could be used alone or in combination with alum. Used alone, it will allow the 
possibility to adjuvant vaccines that cannot be mixed with alum (e.g., live attenuated 
pathogens, multivalent vaccines). Used together, it will capitalize pn the synergistic effect to 
induce very potent immune responses, yet still maintain the Thl bias of CpG DNA. CpG 
dinucleotides also act to adjuvant DNA vaccines. Additional CpG given as ODN or cloned 
into the plasmid vectpr could further augment immune responses. 
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With respect to vaccines against HBV, CpG ODN could be added as an adjuvant to 
recombinant HBsAg subunit vaccines, either alone or in combination with alum, or can be 
cloned into an HBsAg-expressing DNA vaccine. These improved vaccines can (i) induce 
higher titers more quickly and reduce the number of doses required to induce protective 
5 immunity from three to two, (ii) overcome hypo- or non- responsiveness to HBsAg, (iii) 
control the chronic carrier state through induction of CTL, and (iv) induce rapid and 
stronger immunity in neonates in HBV endemic areas. 
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A method of inducing an immune response in a subject, said method comprising: 

administering to the subject a iherapeutically effective amount of nucleic acid 
encoding an antigenic polypeptide, and a therapeutically effective amount of an 
oligonucleotide containing at least one unmethylated CpG dinucleotide. 

2. The method of claim 1, wherein the oligonucleotide is from 8-30 bases in length. 

3. The method of claim 1 , wherein the subject is human. 

4 The method of claim 1, wherein said nucleic acid encoding an antigenic protein and an 
effective amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide are administered in a vector. 

5. The method of claim 1 , wherein said nucleic acid encoding an antigenic protein encodes a 
viral antigen. 

6. The method of claim 5, wherein said viral antigen is a hepatitis viral antigen. 

7. The method of claim 6, wherein said hepatitis viral antigen is a hepatitis B virus surface 
antigen. 

8. The method of claim 1, further comprising administering an adjuvant. 

9. The method of claim 8, wherein the adjuvant is aluminum hydroxide. 

10. The method of claim 1, wherein the oligonucleotide has a formula: 
S-N.X.CGXW (SEQ ID NO: 1) 

wherein at.least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymidine; X 2 is cytosine or thymine, N is ^nucleotide and N, + N 2 is from about 0-26 
bases. 
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11. The method of claim 10, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CGG trimer; and the nucleic acid sequence is from about 8-30 
bases in length. 

12. The method of claim 1, wherein the oligonucleotide has a formula: 
5' N ( X,X 2 CGX 3 X 4 N 2 3' (SEQ ID NO:2) 

wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X 3 X 4 is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. 

13. The method of claim 12, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CCG or CGG trimer; and the nucleic acid sequence is from about 
8-30 bases in length. 

14. The method of claim 12, wherein said oligonucleotide is 5'- 
TCCATGACGTTCCTGACGTT-3' (SEQ ID NO:3). 

15. The method of claim 1, said further comprising: 

administering to the subject an therapeutically effective amount of the antigenic 
polypeptide. 

16. A method for treating a subject having or at risk of having a viral-mediated 
disorder, comprising administering to the subject a therapeutically effective 
amount of a nucleic acid encoding an antigenic polypeptide and an effective 
amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide. 

17. The method of claim 16, wherein the oligonucleotide is from 8-30 bases in length. 

18. The method of claim 16, wherein the subject is human. 
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19 The method of claim 16, wherein said nucleic acid encoding an antigemc protem 
and an effective amount of an oligonucleotide containing at least one 
unmethylated CpG dinucleotide are administered in a vector. 

20 The method of claim 16, said further comprising administering to the subject an 
therapeutically effective amount of the antigenic polypeptide . 

' 21. The method of claim 16, wherein said nucleic acid encoding an antigenic 
2 polypeptide encodes a viral aniigen. 

.22. The method of claim 20, wherein said viral antigen is a hepatitis antigen. 

23. Themeth 0 dofclaim22,whercinsaidhe P atitisantigenisahepatitisBsurface 
2 antigen. 

24 . The method of claim 16, further comprising administering an adjuvant. 

25. The method of claim 24, wherein the adjuvant is aluminum hydroxide. 

26 . Thememodofclau^l6,whereintheoligonucleotidehasafQrmula: 

S'N.X.CGXWCSEQIDNO.l) 
3 wh ereinatleastonenucleotidese P ar at csconsecutiveCpG S -,X I is adenme, guanine or 

1 thymidine; X 2 is cytosine or thymine, M is any nucleotide andN, + N 2 . from about 0-26 

5 bases. 

, 27 Tllsm =,hodofdaim26,whe re i n N 1 andN ! donotco n «ainaCCGQ, U adm=ror 
more than one CGG trimer; and the nucleic acid sequence is from about 8-30 

3 bases in length. 
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28. The method of claim 16, wherein the oligonucleotide has a formula: 
y N,X I X 2 CGX 3 X 4 N 2 3 1 (SEQ ID NO:2) 

wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X 3 X 4 is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. 

29. The method of claim 28, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CCG or CGG trimer; and the nucleic acid sequence is from about 
8-30 bases in length. 

30. The method of claim 28, wherein fcaid oligonucleotide is 5- 
TCCATGACOTTCCTGACGITO' (SEQ ID NO:3). 

31. A method for treating a subject having or at risk of having a chronic viral 
infection, said method comprising administering to the subject an effective 
amount of a nucleic acid encoding an antigenic polypeptide and an effective 
amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide. 

32. The method of claim 31, wherein the oligonucleotide is from 8-30 bases in length. 

33. The method of claim 31, wherein the subject is human. 

34. The method of claim 31, said further comprising administering to the subject an 
therapeutically effective amount of the antigenic polypeptide . 

35. The method of claim 31, further comprisimg administering an adjuvant. 

36. The method of claim 34, wherein the adjuvant is aluminum hydroxide. 

37. The method of claim 3 1 , wherein said antigenic protein is a viral antigen. 
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The method of claim 37, wherein said viral antigen is a hepatitis viral antigen. 



, 39, The method of claim 38, wherein said hepatitis viral antigen is a hepatitis B 
2 surface antigen. 

! 40. The method of claim 31, wherein the oligonucleotide has a formula: 

2 ST^X^GX^' (SEQ ID NO: 1) 

3 wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 

4 thymidine; X 2 is cytosine or thymine, N is any nucleotide and N, + N 2 is from about 0-26 



5 bases. 



41 . The method of claim 40, wherein N, and N 2 do not contain a CCGG quadmer or 

more than one CGG trimer; and the nucleic acid sequence is from about 8-30 



1 

2 

3 bases in length 



42. The method of claim 3 1 , wherein the oligonucleotide has a formula: 

5' NtXjXaCGX,^ 3' (SEQ ID NO:2) 
wherein at least one nucleotide separates consecutive CpGs; X { X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X, X 4 is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. 

43. The method of claim 42, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CCG or CGG trimer; and the nucleic acid sequence is from about 



3 8-30 bases in length. 



44. The method of claim 42, wherein said oligonucleotide is 

5'-TCCATGACGTTCCTGACGTT-3' (SEQ IDNO:3). 
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A pharmaceutical composition comprising an immumostimulaotry CpG 
oligonucletide and a nucleic acid encoding an antigenic protein in a 
phamaceutically acceptable carrier. 
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AMENDED CLAIMS 

[received by the International Bureau on 14 August 1998 (14 08 ,98); 
original claims 1-45 cancelled; new claims 1-136 added (15 pages)] 

A method of inducing protective immune response in a subject having or at 
risk of having infection with an infectious organism, said method comprising 
adrrumstering to the subject a therapeutically effective amount of an antigen, 
and a therapeutically effective amount of an oligonucleotide containing at 
5 least one unmethylated CpG dinucleotide. 

2. The method of claim 1 , wherein said infectious organism is a bacteria or a 
parasite. 

3. The method of claim 1 , wherein said infectious organism is a virus. 

4. The method of claim 3, wherein said virus is a hepatitis virus. 

10 5. The method of claim 4, wherein said hepatitis virus is a hepatitis B virus. 

6. The method of claim 1, wherein the oligonucleotide is from 8-30 bases in 
length. 

7. The method of claim 1, wherein the oligonucleotide is contained within a 
plasmid made with a natural phosphodiester backbone. 

15 8. The method of claim 1 , wherein the oligonucleotide is made completely or 

partially with a synthetic backbone. 

9. The method of claim 8, wherein the oligonucleotide is made completely with 
a synthetic phosphorothioate backbone. 

10. The method of claim 8, wherein the oligonucleotide is made with a chimeric 
20 backbone with synthetic phosphorothioate linkages at the 3' and 5' ends and 

natural phosphodiester linkages in the CpG^ntaining center. 
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1 1 . The method of claim 1 0, wherein the said chimeric oligonucleotide is made 

with synthetic phosphorothioate linkages for five linkages at the 3' end and 
two linkages at the 5' end, and with natural phosphodiester linkages in 
between. 

5 12. The method of claim 1, wherein the oligonucleotide has a formula: 

5N1X1CGX2N23' (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

13. The method of claim 12, wherein the Nl + N2 do not contain a CCGG 
1 0 quadmer or more than one CGG trimer, and the nucleic acid sequence is from 

about 8-30 bases in length. 

14. The method of claim 1, wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 

1 5 GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 

of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

15. The method of claim 14, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8-30 bases in length. 

20 16. The method of claim 14, wherein said oligonucleotide is 

S'-TCCATGACGTTCCTGACGTT-S 1 (SEQ ID NO:3). 

17. The memod of claim 1, wherein the antigen is a polypeptide. 

1 8. The method of claim 1 7, wherein said antigenic polypeptide is from a virus. 
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!9. The method of claim 18, wherein said viral antigen is a hepatitis viral 

antigen. 



20. 



22. 



23. 



The method of claim 19, wherein said hepatitis viral antigen is a hepatitis B 
viral antigen. 



5 21. The method of claim 20, wherein said hepatitis B viral antigen is a hepatitis 

B virus surface antigen. 



The method of claim 1 , further comprising at least one additional adjuvant. 

The method of claim 22, wherein the additional adjuvant contains aluminum 
(alum). 



10 24. The method of claim 23, wherein the aluminum-containing adjuvant is 

aluminum hydroxide. 

25. The method of claim 1, wherein the antigen and the CpG containing 
oligonucleotide are administered in a delivery vector or vehicle. 

26. The method of claim 1 , wherein the subject is a mammal. 

15 27. The memod of claim 1, wherein the subject is a human. 

28. A method of inducing an immune response in a subject, said method 

comprising: adrmnistcring to the subject a therapeutically effective amount 
of nucleic acid encoding an antigenic polypeptide, and a therapeutically 
effective amount of an oligonucleotide containing at least one unmethylated 
20 CpG droucleotide. 



-42- 

AMENDED SHEET (ARTICLE 19) 

BNSDOCID: <WO 9B4O100A1_l_> 



WO 98/40100 

PCT/US98/04703 



5 32. 



29. The method of claim 28, wherein said immune response is to prevent 
infection by an infectious organism. 

30. The method of claim 29, wherein said infectious organism is a virus. 

31. The method of claim 30, wherein said virus is a hepatitis virus. 
The method of claim 3 1, wherein said hepatitis virus is a hepatitis B virus. 

33. The method of claim 28, wherein said nucleic acid vector is a DNA vector 

34. The method of claim 33, wherein the CpG containing oligonucleotide is 
cloned into said vector. 

35. The method of claim 33, wherein said DNA vector is plasmid DNA. 

1 0 36. The method of claim 28, wherein the CpG-containing oligonucleotide is a 

separate entity from the antigen-encoding nucleic acid vector. 

37. The method of claim 36, wherein the CpG oligonucleotide is contained in a 
plasmid with a phosphodiester backbone. 

38. The method of claim 36, wherein said CpG-containing oligonucleotide has 
15 a partially synthetic backbone. 



39. 



The method of claim 38, wherein said oligonucleotide is made with a 
chimeric backbone with synthetic phosphorothioate linkages at the 3' and 5' 
ends und natural phosphodiester linkages in the CpG-containing center. - « 
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The method of claim 39, wherein said chimeric oligonucleotide is made with 
synthetic phosphorothioate linkages for five linkages at the 3' end and two 
linkages at the 5' end, and with natural phosphodiester linkages in between. 

The method of claim 28, wherein the oligonucleotide has a formula: 
' 5TSJ1X1CGX2N23* (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpOs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

The method of claim 41, wherein the Nl + N2 do not contain a CCGG 
quadroer or more than one CGG trimer; and the nucleic acid sequence is from 
about 8-1000 bases in length. 

The method of claim 28, wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 
GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

The method of claim 43, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8-1 000 bases in length. 

The method of claim 43, wherein said oligonucleotide is 
5'-TCCATGACGTTCCTGACGTT-3' (SEQ ID NO:3). 

The method of claim 28, wherein said antigen-encoding nucleic acid encodes 
a viral antigen. 
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47, The method of claim 46, wherein said viral antigen is a hepatitis viral 
antigen. 

48. The method of claim 47, wherein said hepatitis viral antigen is a hepatitis B 
viral antigen. 

5 49. The method of claim 48, wherein said hepatitis B viral antigen is a hepatitis 

B vims surface antigen. 

50. The method of claim 28 ? wherein the antigen-encoding nucleic acid and the 
CpG-dinucleotide are administered in a delivery vector or vehicle. 

51 . The method of claim 28, wherein the antigen-encoding nucleic acid and the 
10 CpG-dinucleotide are administered with an additional adjuvant. 

52. The method of claim 28, wherein the subject is a mammal. 

53. The method of claim 28, wherein the subject is a human. 

54. A method of inducing an immune response in a subject, said method 
comprising administering to the subject a therapeutically effective amount of 

15 nucleic acid encoding an antigenic polypeptide, a therapeutically effective 

amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide, and a therapeutically effective amount of an antigen. 

55. The method of claim 54, wherein the CpG dinucleotide is contained in same 
plasmid as that encoding the antigen and this is administered mixed together 

20 with the antigen. 
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56, The method of claim 54, wherein said antigen-encoding and CpG dinucleo- 
tide-containing nucleic acid is given at a different site than said antigen plus 
CpG dinucleo tide-containing oligonucleotide. 

57. The method of claim 54, wherein the said antigen-encoding and CpG 
dinucleotide-containing nucleic acid is given at a different time from said 
antigen plus CpG dinucleotide-containing oligonucleotide. 



58. The method of claim 57, wherein the immune response is primed by said 
antigen-encoding and CpG dinucleotide-containing nucleic acid and the 
response is boosted by said antigen plus CpG dinucleotide-containing 

10 oligonucleotide. 

59. The method of claim 54, wherein said antigenic polypeptide is the same as 
that encoded by the antigen-encoding nucleic acid. 

60. The method of claim S4, wherein said antigenic polypeptide is different than 
that encoded by the antigen-encoding nucleic acid. 

15 61 A method of treating a subject having an infectious disorder that is chronic 

or likely to become chronic, said method comprising: administering to the 
subject a therapeutically effective amount of an antigen, and a therapeutically 
effective amount of an oligonucleotide containing at least one unmethylated 
CpG dinucleotide. 

20 62. The method of claim 6 1 , wherein said infectious disease is viral. 

63 . The method, of claim 62 wherein said viral disease is hepatitis*. .., 

64. The method of claim 63, wherein said hepatitis disease is hepatitis B. 
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65. The method of claim 61, wherein the oligonucleotide is from 8-30 bases in 

length. 



66. The method of claim 61. wherein the oligonucleotide is contained within ; 

plasmid made with a natural phosphodiester backbone. 



5 67. 



68. 



10 



20 72. 



The method of claim 61, wherein the oligonucleotide is made completely or 
partially with a synthetic backbone. 

The method of claim 67, wherein the oligonucleotide is made completely 
with a synthetic phosphorothioate backbone. 



69. The method of claim 67, wherein the oligonucleotide is made with a chimeric 
backbone with synthetic phosphorothioate linkages at the 3 1 and 5' ends and 
natural phosphodiester linkages in the CpG-containing center. 

70. The method of claim 69, wherein the oligonucleotide is made with a chimeric 
backbone with synthetic phosphorothioate linkages for five linkages at the 3' 
end and two linkages at the 5' end, and with natural phosphodiester linkages 

15 in between. 

71. The method of claim 61, wherein the oligonucleotide has a formula- 
5NlXlCGX2N23'(SEQIDNO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 



The method of claim 71, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGGtrimer; and the nucleic acid sequence is from 
about 8-30 bases in length. 
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The method of claim 61, wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 
GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
ofTpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

The method of claim 73, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer; and the nucleic acid sequence is from 
about 8-30 bases in length. 

The method of claim 73, wherein said oligonucleotide is 
10 SVTCCATGACGTTCCTGACGTT-3' (SEQIDNO:3). 



74. 



75. 



76. The method of claim 61 , wherein the antigen is a polypeptide. 

77. The method of claim 76, wherein said antigenic polypeptide is from a virus. 



78. 



80. 



The method of claim 77, wherein said viral antigen is a hepatitis viral 
antigen. 



15 79. The method of claim 78, wherein said hepatitis viral antigen is a hepatitis B 

viral antigen. 



The method of claim 79, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 



81. The method of claim 61 , further comprising at least one additional adjuvant. 

20 82. The method of claim 81, wherein the additional adjuvant contains aluminum 

(alum). 
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83. 



84. 



87. 



10 



90. 



92. 



The method of claim 82, wherein the additional aluminum-containing 
adjuvant is aluminum hydroxide. 

The method of claim 61, wherein the antigen and the CpG containing 
oligonucleotide are administered in a delivery vector or vehicle. 



5 85. The method of claim 6 1 , wherein the subject is a mammal. 

86. The method of claim 61, wherein the subject is a human. 



A method of treating a subject having an infectious disorder that is chronic 
or likely to become chronic, said method comprising administering to the 
subject a therapeutically effective amount of nucleic acid encoding an 
antigenic polypeptide, and a therapeutically effective amount of an oligonu- 
cleotide containing at least one unmethylated CpG dinuclcotide. 



88. The method of claim 87, wherein said infectious disease is viral. 

89. The method of claim 88, wherein said viral disease is hepatitis. 
The method of claim 89, wherein said hepatitis disease is hepatitis B. 

15 91. The method of claim 87, wherein said nucleic acid vector is a DNA vector 



The method of claim 91, wherein the CpG containing oligonucleotide is 
cloned into said vector. 



93. The method of claim 91, wherein said DNA vector is plasmid DNA. 
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94. The method of claim 87, wherein the CpG-containing oligonucleotide is a 
separate entity from the antigen-encoding nucleic acid vector. 

95. The method of claim 94, wherein said CpG-contairiing oligonucleotide has 
a completely or partially synthetic backbone. 

S 96. The method of claim 95, wherein said oligonucleotide is made with a 

chimeric backbone with synthetic phosphorothioate linkages at the 3' and 5' 
ends and natural phosphodiester linkages in the CpG-containing center. 

97. The method of claim 96, wherein said chimeric oligonucleotide is made with 
synthetic phosphorothioate linkages for five linkages at the 3' end and two 

10 linkages at the 5' end, and with natural phosphodiester linkages in between. 

98. The method of claim 87, wherein the oligonucleotide has a formula: 
51^1X^0X2^3' (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and N 1 + N2 is from about 0-26 bases. 

15 99. The method of claim 98, wherein the Nl + N2 do not contain a CCGG 

quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8- 1 000 bases in length. 

100. The method of claim 87, wherein the oligonucleotide has a formula: 
S , N1X1X2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
20 separates consecutive CpGs; XI X2 is selected from the group consisting of 

GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 
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101. The method of claim 100» wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8- 1 000 bases in length. 

102. The method of claim 100, wherein said oligonucleotide is 
5 5 -TCCATGACGTTCCTGACGTT-3 ' (SEQ ID NO:3). 

103. The method of claim 87, wherein said antigen-encoding nucleic acid encodes 
a viral antigen. 

104. The method of claim 103, wherein said viral antigen is a hepatitis viral 
antigen. 

■i 

10 105. The method of claim 104, wherein said hepatitis viral antigen is a hepatitis 
B viral antigen. 

1 06. The method of claim 1 OS, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 

1 07. The method of claim 87, wherein the antigen-encoding nucleic acid and the 
1 5 CpG-dinucleotide are administered in a delivery vector or vehicle. 

108. The method of claim 87, wherein the antigen-encoding nucleic acid and the 
CpG-dinucleotide are administered with an additional adjuvant. 

109. The method of claim 87, wherein the subject is a mammal. 

1 1 0. The method of claim 87, wherein the subject is a human. 
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112. 



113. 

10 



114. 



A method of treating a subject having an infectious disorder that is chrome 
or likely to become chronic, said method comprising: administenng to the 
subject a therapeutically effective amount of nucleic acid encodmg an 
antigenic polypeptide, a therapeutically effective amount of an oligonucleo- 
tide containing at least one unmethylated CpG dinucleotide, and amerapeuti- 
cally effective amount of an antigen. 

The method of claim 111, -herein the CpG dinucleotide is contained in the 
same plasmid as that encoding the antigen. 

The method of claim 1 12, wherein said antigen-encoding and C P G dinucleo- 
tide-containing nucleic acid is given mixed together with said anUgen. 

The method of claim 1 1 1 . wherein said antigen-encoding and C P G dinucleo- 
tide-containingnucleic acid is given at a different site than said anUgen plus 
CpG dmucleotide-containing oligonucleotide. 

The method of claim 111. wherein the CpG-containing oligonucleotide is a 
separate entity from the nucleic acid encoding an antigenic polypeptide. 

US. The method of claim 115, wherein said CpG-containing oligonucleotide is 
contained within a plasmid, 

x 17 The method of claim 115, wherein said CpG-containing oligonucleotide is 
made with a completely or partially synthetic backbone. 

The method of claim 111, wherein the said antigen-encoding and CpG 
dinucleotide-containing nucleic acid is given at a different time from sard 
antigen plus CpG dmucleotide-containing oligonucleotide. 



115. 

15 



20 118. 
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1 1 9. The method of claim 118, wherein the immune response is primed by said 
antigen-encoding and CpG dinucleotide-containing nucleic acid and the 
response is boosted by said antigen plus CpG dinucleotide-containing 
oligonucleotide. 

5 120. The method of claim 111, wherein said antigenic polypeptide is the same as 
that encoded by the antigen-encoding nucleic acid. 

121. The method of claim 111, wherein said antigenic polypeptide is different than 
that encoded by the antigen-encoding nucleic acid> 



10 



122. A pharmaceutical composition comprising an antigen and an oligonucleotide 
containing an immunostimulatory CpG motif in a pharmaceutical^ 
acceptable carrier. 



123. The composition of claim 122, wherein the said antigen is a viral antigen. 

124. The composition of claim 123, wherein the said viral antigen is a hepatitis 
viral antigen. 

15 125. The composition of claim 124, wherein the said viral hepatitis antigen is a 
hepatitis B antigen. 

126. The composition of claim 125, wherein the said hepatitis B antigen is a 
hepatitis B surface antigen. 

127. A pharmaceutical composition comprising a nucleic acid encoding an 
20 antigenic protein and an oligonucleotide containing an immunostimulaiory 

CpG motif in a pharmaceutically acceptable carrier. 
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128 . The composition of claim 127, wherein the said antigen is a viral anttgen. 

The composition of claim 128, wherein the said viral antigen is a hepatitis 
viral antigen. 



129 



130 , The composition of claim 129, wherein the said viral hepatitis antigen is a 
5 hepatitis B antigen. 



131. 



The composition of claim 130, wherein the said hepatitis B antigen is a 

hepatitis B surface antigen. 



132 A pharmaceutical composition comprising a nucleic acid encoding an 
antigenic protein and an antigen in a pharmaceutical* acceptable earner. 



10 133. 



The composition of claim 132, wherein the said antigen is a viral antigen 

.position of claim 133, wherein the said viral antigen is a hepatitis 



134. The com; 

viral antigen. 



135. 



15 136. 



66576U1 



The composition of claim 134, wherein Hie said viral hepatitis antigen is a 

hepatitis B antigen. 

The composition of claim 135, wherein the said hepatitis B antigen is a 
hepatitis B surface antigen. 
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Immunization of BALB/c mice against HBsAg 
using alum and/or CpG oligos as adjuvant 
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Use of CpG oligos as adjuvant : Dose response 



1000000 




w 1 1 i r 

0 2 4 6 8 

Time (weeks) 



Figure 4 



BNSDOCID: <WO. 



9840100A1_l_i> 



WO 98/401 dO 

5/11 PCT/US98/04703 



Immunization of hypo-responder mice (B10.S) 

against HBsAg: 
Adjuvant effect of alum and/or CpG DNA 
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against HBsAg: 
Adjuvant effect of alum and CpG DNA 
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Immunization of BALB/c mice against HBsAg by 
combined DNA and subunit vaccine approach 
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USE OF NUCLEIC A OTPS COArr a m mn 11Kmmn ^ TFJ1Qi£ 
DINUCTFO TIDE AS A TV AD t njVA1VT 

5 

FIELD OF THE INVENTION 

This invention relates generally to adjuvants, and specifically to the use of 
oligonucleotides having at least one unmethylated CpG dinucleotide (CpG ODN) as an 
adjuvant. 



1 0 BACKGROUND OF THE INVENTION 

Bacterial DNA, but not vertebrate DNA, has direct immunostimulatory effects on 
peripheral blood mononuclear cells (PBMC) in vitro (Krieg et al, 1995). This 
lymphocyte activation is due to unmethylated CpG dinucleotides, which are present at 
the expected frequency in bacterial DNA (1/16), but are under-represented (CpG 
15 suppression, 1/50 to 1/60) and methylated in vertebrate DNA. Activation may also be 
triggered by addition of synthetic oligodeoxynucleotides (ODN) that contain an 
unmethylated CpG dinucleotide in a particular sequence context. It appears likely that 
the rapid immune activation in response to CpG DNA may have evolved as one 
component of the innate immune defense mechanisms that recognize structural patterns 
20 specific to microbial molecules. 

CpG DNA induces proliferation of almost all (>95%) B cells and increases 
immunoglobulin (Ig) secretion. This B cell activation by CpG DNA is T cell independent 
and antigen non-specific. However, B cell activation by low concentrations of CpG DNA 
has strong synergy with signals delivered through the B cell antigen receptor for both B 
25 cell proliferation and Ig secretion (Krieg et al., 1995). This strong synergy between the 
B cell signaling pathways triggered through the B cell antigen receptor and by CpG DNA 
promotes antigen specific immune responses. In addition to its direct effects on B cells, ' 
CpG DNA also directly activates monocytes, macrophages, and dendritic cells to secrete' 
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a variety of cytokines, including high levels of IL-12 (Kiinman et aL, 1996; Halpern et 
aL, 1996; Cowdery et aL, 1996). These cytokines stimulate natural killer (NK) cells to 
secrete g-interferon (IFN-g) and have increased lytic activity (Kiinman et aL, 1996, 
supra; Cowdery et aL, 1996, supra; Yamamoto et aL, 1992; Ballas et aL, 1996). Overall, 
5 CpG DNA induces a Thl like pattern of cytokine production dominated by IL-12 and 
IFN-g with little secretion of Th2 cytokines (Kiinman et aL, 1996). The strong direct 
effects (T cell independent) of CpG DNA on B cells, as well as the induction of 
cytokines which could have indirect effects on B-cells via T-help pathways, suggests 
utility of CpG DNA in the form of ODN as a vaccine adjuvant. 

1 0 A DNA vaccine induces immune responses against an antigenic protein expressed in vivo 
from an introduced gene. The DNA vaccine is most often in the form of a plasmid DNA 
expression vector produced in bacteria and then purified and delivered to muscle or skin 
(see Vogel and Sarver, 1995; Brazolot Millan and Davis, 1997; Donnelly et aL, 1996). 
DNA vaccines have been demonstrated to show efficacy against numerous viral, 

15 bacterial and parasitic diseases in animal models. Almost all studies showed induction 
of very strong and long-lasting humoral and cell-mediated immune responses, and 
protection against live pathogen challenge (where it could be evaluated). The efficacy 
of DNA vaccines is attributed, at least in part, to the continuous in vivo synthesis of 
antigen that leads to efficient antigen presentation. In particular, 

20 endogenously-synthesized antigen is presented by class I MHC, leading to induction of 
CD8+ cytotoxic T lymphocytes (CTL). In contrast, most whole killed and subunit 
vaccines, where antigen is processed solely in the exogenous form, often fail to induce 
CTL. More recently however, it has been shown that the presence of unmethylated CpG 
motifs in the DNA vaccines is essential for the induction of immune responses against 

25 the antigen (Sato et aL , 1 996). 

Hepatitis B virus (HBV) poses a serious world-wide health problem. The current HBV 
vaccines are subunit vaccines containing particles of HBV envelope protein(s) which 
include several B and T cell epitopes known collectively as HBV surface antigen 



BNSDOCID: <WO 98401O0A1_IA> 



SUBSTITUTE SHEET (RULE 26) 



WO 98/40100 



PCT/US98/04703 



■3 - 



(HBsAg). The HBsAg particles „ ay be purifcd fcm p]asma rf ^ 
md.vtduals or more _ Iy axe produced as recombinant prottIm . ^ ^ 
.nduceanttbodies against HBsAg (an,i-HBs), which confer pro,ec t i„„ i fpre se nl in , iters 
of a. leas. ,0 milli-,n.ema.io„al Unit- per milliliter (mlU/m!) (EUis, ,993). While .he 
5 suborn, vaccines are safe and generally efficacious, ,„ey fail.o m ee« a „ cun.n, 
vacctnation needs. For example, early vaccina,™ of infants bom ,o chtonicallv infected 
motes, as wel, as others in endemic areas, drastically reduces the ra ,e of infection b„, 
as.gn.fic^tpropordonofthese babies will still become chronica,* infected themselves 
,Th,s cou,d possibly be reduced if high ,i«e„ of anti-HBs antibodies could be induced 
.0 earher and if there were HBV-speciflc CTL. m addition, there a. certain individuals 
who fail ,o respond (non-responders) or do no, attain protective levels of immunity 
(hypo-responders). Finally, .here is an urgent need for an effective ,rea«men, for ,he 
estima,ed 350 million chronic carriers of HBV and a .herapeutic vaccine could meet this 
need. 



15 



SUMMARY OF THE INVENTION 

The present invention is based on the finding to nucleic acids containing a, least one 
unme.hyla.ed cytosine-gu^ine (CpO) dinncleotide affec, .he immune response in a 
subjec. by activating B ceils or redirecting a subject's immune response from a Th2 ,o 
aThl response by inducing monocytic and other cells .opmduceThl cytokines These 
20 nucleic acids containing at least one unmahylated CpO can be used as an adjuvan. 
specfically ,o induce an immune response against an antigenic protein. 

In one embodiment, me invention provides a method of inducing a protective immune 
response in a subject by administering ,o .he subject a therapeuticaHy effective amonn. 
of an antigen, and a therapeutically effective amount of an oligonucleotide containing a, 
25 least one unmethylated CpG dinucleotide. 

In another embodiment, the invention provides a method of inducing an immune 
response by administering ,o a subjec. a .henmeuticaUy effective amount of nucleic acid 
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encoding an antigen polypeptide and a therapeutically effective amount of an 
oligonucleotide containing at least on unmethylated CpG dinucleotide. ' 

In yet another embodiment, the invention provides a method of treating a subject having 
a chronic infectious disorder by administering to the subject a therapeutically effective 
5 amount of an antigen and a therapeutically effective amount of an oligonucleotide 
containing at least one unmethylated CpG dinucleotide. 

In a further embodiment, the invention provides a method of treating a subject having a 
chronic infectious disorder by administering to the subject a nucleic acid encoding an 
antigenic polypeptide, a therapeutically effective amount of an oligonucleotide 
1 0 containing at least one unmethylated CpG dinucleotide and a therapeutically effective 
amount of an antigen. 

In another embodiment the invention provides a method of treating a subject having a 
chronic infectious disorder by administering to the subject a nucleic acid encoding an 
antigenic polypeptide, and a therapeutically effective amount of an oligonucleotide 
1 5 containing at least one unmethylated CpG dinucleotide. 

The invention provides a composition comprising a nucleic acid encoding an antigenic 
protein and an oligonucleotide containing an immunostimulatory CpG motif in a 
pharmaceutical^ acceptable carrier. In a further embodiment the invention provides a 
nucleic acid encoding an antigenic protein and an antigen in a pharmaceutically 
20 acceptable carrier. 

In another embodiment the invention provides a composition comprising an antigen and 
an oligonucleotide containing an immunostimulatory CpG motif in a pharmaceutically 
acceptable carrier. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph illustrating humoral responses in BALB/c mice immunized with 1 ug 
recombinant HBsAg protein alone, adsorbed onto alum (25 mg Al-/mg HBsAg) with 
100 ug of immunostimulatory CpG ODN, or with both alum and C P G ODN Each point 
5 represents the group mean (n=10) for titers of anti-HBs (total IgG) as determined in 
tnphcate by end-point dilution ELISA assay. End-point titers were defined as the highest 
plasma dilution that resulted in an absorbance value (OD 450) two times greater than that 
of control non-immune plasma with a cut-off value of 0.05. The upper graph shows 
results on a linear scale and the lower graph shows results on a logarithmic scale (log IO ). 

1 0 FIG. 2 is a graph illustrating humoral responses in BALB/c mice immunized with 1 ug 
recombinant HBsAg protein with alum and with 0, 10, 100 or 500 ug of CpG ODN 
added. Each point represents the group mean (n=10) for anti-HBs titers (total IgG) as 
determined by end-point dilution ELISA assay. 

FIG. 3 is a graph of humoral responses in C57BL/6 mice immunized with 1 ug 
15 recombinant HBsAg protein without adjuvant, with alum, with 1 00 ug of CpG ODN or 
with both alum and CpG ODN. Mice were boosted in the identical fashion after 6 weeks 
Each point represents the group mean (n=5) for anti-HBs titers (total IgG) as determined 
by end-point dilution ELISA assay. 

FIG. 4 is a graph of humoral responses in C57BL/6 mice immunized with 1 ug 
20 recombinant HBsAg protein without adjuvant, or with 1, 10 or 100 ug of CpG ODN 
Mice were boosted in the identical fashion after 6 weeks. Each point represents the group 
mean (n=5) for anti-HBs titers (total IgG) as determined by end-point dilution ELISA 
assay. 



SUBSTITUTE SHEET (RULE 26) 



WO 98/40100 



PCT/US98/04703 



-6- 

FIG. 5 is a graph of humoral responses in B10.S hypo-responder mice immunized with 
1 jig recombinant HBsAg protein without adjuvant, with alum, and/or with 10 |ig of CpG 
ODN. Each point represents the group mean (n=5) for anti-HBs titers (total IgG) as 
determined by end-point dilution ELISA assay. 

5 FIG. 6 is a graph of humoral responses in C2D non-responder mice immunized with 1 (ig 
recombinant HBsAg protein with alum or with alum plus 1 0 |ig of CpG ODN. Each point 
represents the group mean (n=5) for anti-HBs titers (total IgM or IgG) as determined by 
end-point dilution ELISA assay. 

FIG. 7 is a bar graph illustrating humoral responses in C57BL/6 mice at 8 weeks after 
1 0 immunization with 1 |ig recombinant HBsAg protein without adjuvant, with alum, with 
100 |ig of CpG ODN, or with both alum and CpG ODN. Mice had been boosted in the 
identical fashion at 6 weeks. Each point represents the group mean (n=5) for anti-HBs 
titers (IgGl and IgG2a isotypes) as determined by end-point dilution ELISA assay. 

FIG. 8 is a graph of humoral responses in BALB/c mice immunized with 10 |ig 
15 HBsAg-expressing DNA vaccine (pCMV-S) injected alone or with 100 or 500 ng of 
CpG ODN added. Each point represents the group mean (n=10) for anti-HBs titers (total 
IgG) as determined by end-point dilution ELISA assay. 

FIG. 9 is a graph of humoral responses in B10.S mice immunized with 2 (ig recombinant 
HBsAg protein without adjuvant or with 50 |ig pCMV-S DNA vaccine. Each point 
20 represents the group mean (n=5) for anti-HBs titers (total IgG) as determined by 
end-point dilution ELISA assay. 

FIG. 10 is a graph of humoral responses in newborn BALB/c mice immunized with 1 \ig 
recombinant HBsAg protein with alum or with 10 |ag pCMV-S DNA vaccine on the day 
of birth or 7 days later. Each point represents the group mean (n=10) for anti-HBs titers 
25 (total IgG) as determined by end-point dilution ELISA assay. 
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FIG. 11 „ a graph of humoral responses in BALB/c mice primed with 10 ug 
HBsAg-expressing DNA vaccine (pCMV-S) and given 2 ug recombinant HBsAg protein 
at the same time in the same or a different muscle or given the HBsAg 2 or 8 weeks later 
Each pomt represents the group mean (n=10) for anti-HBs titers (total I gG ) as 
5 determined by end-point dilution ELISA assay. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is to be understood that this invention is not limited to the particular methodology 
protocols, sequences, models and reagents described as such may, of course, vary It is 
also to be understood that the terminology used herein is for the purpose of describing 
10 pabular embodiments only, and is not intended to limit the scope of the present 
invention which will be limited only by the appended claims. 

All publications mentioned herein are incorporated herein by reference for the purpose 
of describing and disclosing the oligonucleotides and methodologies which are described 
m the publications which might be used in connection with the presently described • 
15 invention. 

The binding of DNA to cells has been shown to be similar to a ligand receptor 
interaction: binding is saturable, competitive, and leads to DNA endocvtosis and 
degradation into oligonucleotides (Bennet, R.M., et al, J. Clin. Invest. 76:21 82, 1 985). 
Like DNA, oligodeoxyribonucleotides are able to enter cells in a process which is 
20 sequence, temperature, and energy independent (Jaroszewski and Cohen, Ad. Drug Del. 
Rev. 6:235, 1991). An "oligodeoxyribonucleotide" as used herein is a deoxyribonucleic 
acid sequence from about 3-50 bases in length. Lymphocyte oligodeoxyribonucleotide 
uptake has been shown to be regulated by cell activation (Krieg, A.M., et ai.Antisense 
ResearchandDevelopmentlAGl, 1991). For example, B-cells that take up C P G ODNs 
25 proliferate and secrete increased amounts of immunoglobulin. The present invention is 
based on the finding that certain oligonucleotides (ODN) containing at least one 
unmethylated cytosine-guanine (CpG) dinucleotide activate the immune response 
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ln one embodiment, the invention provides a method for stimulating an immune response 
in a subject by administering a therapeutically effective amount of a nucleic acid 
sequence containing at least one unmethylated CpG. The term "nucleic acid" or 
"oligonucleotide" refers to a polymeric form of nucleotides at least five bases in length. 
5 The nucleotides of the invention can be deoxyribonucleotides, ribonucleotides, or 
modified forms of either nucleotide. Generally, double-stranded molecules are more 
stable in vivo, although single-stranded molecules have increased activity when they 
contain a synthetic backbone. 

The nucleic acid molecule can include the use of phosphorothioate or phosphorodithioate 

10 rather than phosphodiesterase linkages within the backbone of the molecule, or 
methylphosphorothioate terminal linkages (Krieg, A.M., et al.Antisense and Nucl Acid 
Drug Dev 6: 133-9, 1 996; Boggs, R.T., et at , Antisense and Nucl Acid Drug Dev, 7:461- 
71, 1997). The phosphate backbone modification can occur at the 5' end of the nucleic 
acid, for example at the first two nucleotides of the 5' end of the nucleic acid. The 

1 5 phosphate backbone modification may occur at the 3* end of the nucleic acid, for example 
at the last five nucleotides of the 3' end of the nucleic acid. International Patent 
Application WO 95/26204, entitled "Immune stimulation by phosphorothioate 
oligonucleotide analogs" reports the nonsequence-specific immunostimulatory effect of 
phosphorothioate modified oligonucleotides. Nontraditional bases such as inosine and 

20 queosine, as well as acetyl-, thio- and similarly modified forms of adenine, cytidine, 
guanine, thymine, and uridine can also be included, which are not as easily recognized 
by endogenous endonucleases. Other stabilized nucleic acid molecules include: nonionic 
DNA analogs, such as alkyl- and aryl-phosphonates (in which the charged oxygen moiety 
is alkylated). Nucleic acid, molecules which contain a diol, such as tetrahyleneglycol or 

25 hexaethyleneglycol, at either or both termini are also included. The term 
"oligonucleotide" includes both single and double-stranded forms of DNA. 
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A CpG" or "CpG motif refers t0 . nucleic add havjng , ^ 

guamne linked by a phosphate bond. The term "methylated CpG" re fe K t0 fte 
Ration of the cytosine on the pyrimidine ring , usually occuning a ^ . 
of the pyridine ring. The term "unmethylated CpG" refers to the absence of 
5 mediation of the cytosine on the pyridine ring. Mediation, partial remova, or 
removal of an unmethy.ated CpG tnotif in » oHgonucteotide of the invention is believed 
.o reduce its effect. Mediation or removal of a,I unmethylated CpG motifs in an 
ohgonucleotide substantially reduces its effect. The effect of mediation or remova! of 
a CpG motif is "subsantia," if ft. effect is simiiar to that of an ohgonucleotide that does 
1 0 not contain a CpG motif. 

Preferably the C P G oligonucleotide is in the range of about 8 to 30 bases in size For 
use m .he instant invention, the nucleic acids can be synthesized * novo using any of a 
number of procedures well known in the art. For example, the b-cyanoethyl 
phosphoramidite method (Beaucage, S.L., and CanHhers, M.H., Te, Le, 22 1859 1981)- 
15 nucleoside H-phosphonatememcxKGaregg,,,,/., Te, Le, 27:4051-4054, 1986- Froehler 
e,al.,Nucl.AcU. Res. 14:5399-5407, 1986, ; Gare g g« a ,„ Te, Le, 27:4055-4058 1986 
Gaffney « al., Te, Le, 22:26! 9-2622, 1988). These chemistries can be performed by' 
a vane* of automated oligonucleotide synthesizers available in the market 
Alternatively, CpG dinucleotides can be produced on a ,arge sca.e in plasmids, (see 
20 Sambrook, T, „ Molecula x £|e J « l ^^ CoH ^ ^ 

.aboratory Press, New York, 1989) which after being administered to a subject are 
degraded into oligonucleotide, Oligonucleotides can be prepared from existing nucleic 
acd sequences (, g „ genomic or cDNA) using known ,e chraaues , such as those 
emplovmg restriction enzymes, exonucleases or cndonucleases. 

25 For use * nucleic acids are preferably relative*, resistant to degradation (, g via 
endo-and exo-„uc.eases). Secondary structures, such as stem loops, can stabilize nudeic 
actds against degradation. Alternatively, nudeic acid stabilization can be accomplished 
v,a phosphate backbone modification, A preferred stabilized nucleic acid has a, ieas, 
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a partial phosphorothioate modified backbone. Phosphorothioates may be synthesized 
using automated techniques employing either phosphoramidate or H-phosphonate 
chemistries. Aryl-and alkyl-phosphonates can be made, e.g., as described in U.S. Patent 
No. 4,469,863; and alkylP hos Photriesters (in which the charged oxygen moiety is 
5 alkylated as described in U.S. Patent No. 5,023,243 and European Patent No. 092,574) 
can be prepared by automated solid phase synthesis using commercially available 
reagents. Methods for making other DNA backbone modifications and substitutions 
have been described (Uhlmann, E. and Peyman, A., Chem. Rev. 90:544, 1990; 
Goodchild, J., Bioconjugate Chem. 1:165, 1990). 

10 For administration in vivo, nucleic acids may be associated with a molecule that results 
in higher affinity binding to target cell (e.g., B-cell, monocytic cell and natural killer 
(NK) cell) surfaces and/or increased cellular uptake by target cells to form a "nucleic 
acid delivery complex." Nucleic acids can be ionically or covalently associated with 
appropriate molecules using techniques which are well known in the art. A variety of 

15 coupling or cross-linking agents can be used, e.g., protein A, carbodiimide, and 
N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP). Nucleic acids can alternatively 
be encapsulated in liposomes or virosomes using well-known techniques. 

In one embodiment, the nucleic acid sequences useful in the methods of the invention are 
represented by the formula: 

20 5 f N 1 X 1 CGX 2 N 2 3 t (SEQIDNO:l) 

wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymidine; X 2 is cytosine or thymine, N is any nucleotide and Js[ +>N is from about 
0-26 bases. In a preferred embodiment, N, and N 2 do not contain a CCGG quadmer or 
more than one CGG trimer; and the nucleic acid sequence is from about 8-30 bases in 

25 length. However, nucleic acids of any size (even many kb long) can be used in the 
invention if CpGs are present, as larger nucleic acids are degraded into oligonucleotides 
inside cells. Preferred synthetic oligonucleotides do not include a CCGG quadmer or 
more than one CCG or CGG trimer at or near the 5' or 3' terminals and/or the consensus 
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mitogenic CpG motif is no, , palindrome . A ^ 

means an inverted repeat (,.,, a seance such as ABCDEE'D'C'B'A', i„ which A and 

A arc bases capable of forming the usual Warson-Crick base pairs. 

In another embodiment, the method of the invention includes the use of an 
5 ohgonucleotide which contains a CpG motif represented by the formula: 
yN,X,X 2 CGX,X,N,y (SEQIDNO:2) 
wherein a, least one nucleotide separates consecutive CpGs; X,X, is selected from the 
group consisting of QpT, GpQ, 0pA , ApT and ApA; X, X, is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + Nj is from about 0-26 bases 
10 In a preferred embodiment, N, and N 2 do not contain a CCGG quadmer or more than one 
CCO or COG trimer. CpG ODN are also preferably in the range of 8 ,„ 30 bases in 
length, bu, may be of any size (even many kb long) if sufficient motifs are present, since 
such larger nucleic acids are degraded into oligonucleotides inside of cell, Preferred 
synthetic oligonucleotides of this formula do no. include a CCGG quadmer or more than 
15 one CCO or COG trimer a, or near the J and/or 3' terminals and/or the consensus 
mnogenic CpG motif is no, a palindrome. Other CpG oligonucleotides can be assayed 
for efficacy using methods described herein. An exemplary nuc.eic acid sequence of the 
mvention is 5'-TCCATGACGrrCCTOACOTT-3' (SEQ ID NO:3). 

A prolonged effect can be obtained using stabilized oligonucleotides, where the 
20 ohgonucleotide incorporates a phosphate backbone modification (eg. a 
phosohorothioate orphosphorodithioate modification). More particularly, the phosphate 
backbone modification occurs a, the 5' end of the nucleic acid for example, a, the firs, 
two nucleotides of the 5' end of the nucleic acid. Further, the phosphate backbone 
mod.fication may occur a, the 3' end of the nucleic acid for example, a, the las. five 
25 nucleotides of the 3' end of the nucleic acid. Preferred nucleic acids containing an 
unmethylated CpO have a relatively high stimuhtion with regard ,„ B ce.l, monocyte 
and/ornarural killer cel. responses ( e . s , induction of cytokines, proliferative responses' 
lytic responses, among others). 
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Nucleic acids containing an unmethylated CpG can be effective in any mammal, 
preferably a human. Different nucleic acids containing an unmethylated CpG can cause 
optimal immune stimulation depending on the mammalian species. Thus an 
oligonucleotide causing optimal stimulation in humans may not cause optimal 
5 stimulation in a mouse. One of skill in the art can identify the optimal oligonucleotides 
useful for a particular mammalian species of interest. 

The "stimulation index" is a measure of a CpG ODN to effect an immune response which 
can be tested in various immune cell assays. The stimulation of the immune response can 
be assayed by measuring various immune parameters, e.g., measuring the antibody- 

10 forming capacity, number of lymphocyte subpopulations, mixed leukocyte response 
assay, lymphocyte proliferation assay. The stimulation of the immune response can also 
be measured in an assay to determine resistance to infection or tumor growth. Methods 
for measuring a stimulation index are well known to one of skill in the art. For example, 
one assay is the incorporation of 3 H uridine in a murine B cell culture, which has been 

1 5 contacted with a20uM of oligonucleotide for 20h at 37°C and has been pulsed with luCi 
of 3 H uridine; and harvested and counted 4h later. The induction of secretion of a 
particular cytokine can also be used to assess the stimulation index. In one method, the 
stimulation index of the CpG ODN with regard to B-cell proliferation is at least about 
5, preferably at least about 1 0, more preferably at least about 15 and most preferably at 

20 least about 20, while recognizing that there are differences in the stimulation index 
among individuals. 

The CpG ODN of the invention stimulate cytokine production (e.g., IL-6, IL-12, IFN-y, 
TNF-oc and GM-CSF) activate B cells and upregulate expression of MHC and B7 
molecules. Exemplary sequences include: 
25 TCCATGTCGCTCCTGATGCT (SEQ ID NO:4), 

TCCATGTCGTTCCTGATGCT (SEQ ID NO: 5),' and ' 
TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:6). 
TCGTCGTTGTCGTTGTCGTT (SEQ ID NO:7), 
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TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:6), 

TCGTCGTTGTCGTTTTGTCGTT (SEQ ID NO:8), 
GCGTGCGTTGTCGTTGTCGTT (SEQ ID NO:9), 
TGTCGTTTGTCGTTTGTCGTT (SEQ ID NO: 10), 
5 TGTCGTTGTCGTTGTCGTT (SEQ ID NO: 1 1 ), and 

TCGTCGTCGTCGTT (SEQ ID NO:12). 

TCCTGTCGTTCCTTGTCGTT (SEQ ID NO: 1 3), 

TCCTGTCGTTTTTTGTCGTT (SEQ ID NO: 14),' 

TCGTCGCTGTCTGCCCTTCTT (SEQ ID NO: 1 5), 
1 0 TCGTCGCTGTTGTCGTTTCTT (SEQ ID NO: 1 6), 

TCGTCGTTTTGTCGTTTTGTCGTT (SEQ ID NO:6), 

TCGTCGTTGTCGTTTTGTCGTT (SEQ ID NO:8) and 

TGTCGTTGTCGTTGTCGTT (SEQ ID NO:l 1). 

Preferred CpG ODN can effect at least about 500 pg/ml of TNF-a, 15 pg/ml IFN-y 70 
15 pg/ m . of GM-CSF 275 pg/ m l of IL-6, 200 pg/ m , IL-12, depending on the therapeutic 
mchcatKm. These cytokines can be measured by assays well known in the art. The ODNs 
listed above or other preferred CpG ODN can effect at least about 1 0%, more preferably 
at least about 15% and most preferably at least about 20% YAC-1 cell specific Ivsis or 
at least about 30%, more preferably at least about 35%, and most preferably at least about 
20 40% 2C1 1 cell specific lysis, in assays well known in the art. 

An "antigenic polypeptide" is any polypeptide that can, under appropriate conditions 
induce an immune response. Antigenic polypeptides include, but are not limited to, viral' 
proteins, or fragments the reo f. Minor modifications of the primary amino acid sequences 
of a vual polypeptide may also result in a polypeptide which have substantially 
25 equivalent antigenic activity as compared to the unmodified counterpart polypeptide 
Such modifications may be deliberate, as by site-directed mutagenesis, or may be 
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spontaneous. All of the polypeptides produced by these modifications are included 
herein as long as antigenicity still exists. One non-limiting example of an antigenic viral 
polypeptide is the hepatitis B surface antigen. 

The term "substantially purified*' as used herein refers to a polypeptide which is 
5 substantially free of other proteins, lipids, carbohydrates or other materials with which 
it is naturally associated. One skilled in the art can purify viral polypeptides using 
standard techniques for protein purification. The substantially pure polypeptide will 
often yield a single major band on a non-reducing polyacrylamide gel. The purity of the 
viral polypeptide can also be determined by amino-terminal amino acid sequence 
10 analysis. 

The invention utilizes polynucleotides encoding the antigenic polypeptides. These 
polynucleotides include DNA, cDNA and RNA sequences which encode an antigenic 
polypeptide. Such polynucleotides include naturally occurring, synthetic, and 
intentionally manipulated polynucleotides. For example, polynucleotide enocing an 
15 antigenic polypeptide may be subjected to site-directed mutagenesis, so long as the 
polypeptide remains antigenic. 

The term "polynucleotide" or "nucleic acid sequence" refers to a polymeric form of 
nucleotides at least 10 bases in length. By "isolated polynucleotide" is meant a 
polynucleotide that is not immediately contiguous with both of the coding sequences 

20 with which it is immediately contiguous (one on the 5' end and one on the 3' end) in the 
naturally occurring genome of the organism from which it is derived. The term therefore 
includes, for example, a recombinant DNA which is incorporated into a vector; into an 
autonomously replicating plasmid or virus; or into the genomic DNA of a prokaryote or 
eukaryote, or which exists as a separate molecule (e.g. a cDNA) independent of other 

25 sequences. The nucleotides of the invention can be ribonucleotides, 
deoxyribonucleotides, or modified forms of either nucleotide. The term includes single 
and double stranded forms of DNA. 
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In ^present invention, the poivnuciecide sciences encoding an antigenic polypeptide 
may be mserted into an expression vecto, The term "expression vector" refers to a 
Plasma virus or other vehicle known in the art that has been mandated by insertion 
or .ncotporation of the genetic sciences encoding the antigenic poiypcptide. 
5 Polynucleottde sequence which encode the antigenic poiypcptide can be operativeiy 
hnked to expression control sequences. "OperativCy linked" re fers to a juxtaposition 
whercn the components so described are in a reiationship permitting them to function 
» ^intended maruter. An expression controi sequence operative* linked to a coding 
^ sequence is ligated such that expression of the coding sequence is achieved under 
10 conditions compatible with the expression control sequences. Asusedherein thetenn 
"expression control sequences" refers ,o nucleic acid sequences that regulate the 
expresston of a nucleic acid sequence to which it is operativeiy Iink ed. Expression 
control sequences are operativeiy .inked to a nucleic acid sequence when (he expression 
control sequences comrol and regulate the transcription and, as appropriate, relation 
of the nucleic acid sequence. Thus expression control sequences can include appropriate 
promoters, enhancers, transcription terminates, as star, codon (i.e., ATO) in from of a 
prote.n-encoding gene, splicing signal for introns, maintenance of the correct reading 
ftame of that gene to permit proper translation of mRNA, and stop codons. The term 
"conttol sequences" is intended to included, a, a minimum, components whose presence 
20 can mfluence expression, and can also include additional components whose present* 
.s advantageous, for examp.e, leader sequences and fusion partner sequences 
Expression control sequences can include a promoter. 

By -promoter" is mean, minimal sequence sufficient to direct transcription. Also 
mcluded in the invention are those promoter elements which are sufficient ,„ render 
promoter-dependent gene expression controllable for ceU-type specific, tissue-specific 
or mducble by external signais or agents; such elements may be located in the 5' or y 
regtons of the gene. Both constimtive and inducible promoters, are included in the 
mvennon (see , g .. Bitter e, al, 1987, Methods in Enzymology 152:516-544) 
Promo,ersdenvednomu 1 egenomeofmamma,iancel,s(^.,me,al,„, h ionein P romo,er, 
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or from mammalian viruses (e.g., the retrovirus long terminal repeat; the adenovirus late 
promoter; the vaccinia virus 7.5K promoter), cytomegalovirus (CMV), or hepatitis B 
virus (HBV) may be used. Promoters produced by recombinant DNA or synthetic 
techniques may also be used to provide for transcription of the nucleic acid sequences 
5 of the invention. 

By "therapeutically effective amount" is meant the quantity of a compound according to 
the invention necessary to prevent, to cure or at least partially arrest symptoms in a 
subject. A subject is any mammal, preferably a human. Amounts effective for 
therapeutic use may vary depending on the severity of the disease and the weight and 

10 general state of the subject. Typically, dosages used in vitro may provide useful 
guidance in the amounts useful for in situ administration of the pharmaceutical 
composition, and animal models may be used to determine effective dosages for 
treatment of particular disorders. Various considerations are described, e.g., in Gilman 
et al.. eds., r^man And Oilman's: The Pharmacological Bases of Therapeutics, 8th ed., 

15 Pergamon Press, 1990; and Remington's p harmaceutical Sciences. 17th ed., Mack 
Publishing Co., Easton, Pa., 1990, each of which is herein incorporated by reference. 

An oligonucleotide containing at least one unmethylated CpG can be used alone to 
activate the immune response or can be administered in combination with another 
adjuvant. An "adjuvant" is any molecule or compound which can stimulate the humoral 
20 and/or cellular immune response. For example, when.the oligonucleotide containing at 
least one unmethylated CpG is administered in conjunction with another adjuvant, the 
oligonucleotide can be administered before, after, and/or simultaneously with the other 
adjuvant. The oligonucleotide containing at least one unmethylated CpG can have an 
additional efficacy in addition to its ability to activate the immune response. 

25 The invention further provides a method of modulating the level of a cytokine. The term 
"modulate" envisions the suppression of expression of a particular cytokine when it is 
tpressed, or augmentation of the expression of a particular cytokine when it is 
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jessed. Motion of a particu.ar cytokine can occur ^ or ^ 

- belied tha, the CpO oligonucleotides do no, directly activate purified NK cells but 
«tar render then, compel to respond t0 ^ ^ , marked ^ • 

5 "IT^ ■ L "' 2 ProdUC ' i0n - te ~ -e, i0 

by NK ceUs, ,he .mmunosfmulatory nucleic acids a.so promote a Thl type immune 

response. No direct activation of proliferation or cytokine secretion by highly purified 

T ecus has been found. Cytokine profiies define T cell regulatory and effector 

functions in immune responses. 

Cytokines also p,ay a role in directing the T ceii response. Helper (CD4 4 ) T ce.ls 
orchesnate me immune response of mammals through production of soluble factors tha, 
act on other immune system cells, including B and other T celis. Most mature CD4* T 
helper ce.ls express one of two cytokine profiles: Thl or Th2. Thl cells secrete E.-2 
IL-3, IFN-y, TNF-p, GM-CSF and high !eve,s of TNF-a. Th2 cells express IL-3 ^ 
IL-5, IL-6, IL-9, ,L-,0, IL-,3, GM-CSF and low levels of TNF-a. The Thl sunset' 
.5 promotes delayed-type hypersensitivity, cell-mediated immunity, and immunoglobulin 
, class switching to IgG 2 .. The T«2 subset induces humoral immuntty by activating B 
ceHs, promoting antibody production, and inducing class switching to IgG, and tg E. 

Several factors have been show, to influence commitment to Thl or Tn2 profiles The 
bes, characterized regulators are cytokines. IL-,2 and IFN-y are positive Thi and 
20 ne^ve^regufators. IL-,2 promotes lFN- y production, and IFN-y provides positive 
feedback for IL-,2. W and 1-10 appear to be retired for the estabHshmen, of the 
Th2 cy.ok.ne profile and to down-reguiate Th, cytokine production; the effect of IL-4 
are u .some cases dominant over those of IL-,2. IL-, 3 was shown ,„ inhibit expression 

of '»«™0-cytoki„es,i„c.uoU„ g IL-12and™F.abyLPS.mducedmonocv,esi„ 
25 aways.milartoIL-4. The IL-.2 p40 homodimer binds to the D.,2 receptor and 
antagonizes IL-,2 biological activity; thus i, blocks the pWrhl effects of IL-12 
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This invention further provides administering to a subject having or at risk of having a 
virally mediated disorder, a therapeutically effective dose of a pharmaceutical 
composition containing the compounds of the present invention and a pharmaceutical^ 
acceptable carrier. n Administering" the pharmaceutical composition of the present 
5 invention may be accomplished by any means known to the skilled artisan. 

The pharmaceutical compositions according to the invention are in general administered 
topically, intravenously, orally, parenterally or as implants, and even rectal use is 
possible in principle. Suitable solid or liquid pharmaceutical preparation forms are, for 
example, granules, powders, tablets, coated tablets, (micro)capsules, suppositories, 

1 0 syrups, emulsions, suspensions, creams, aerosols, drops or injectable solution in ampule 
form and also preparations with protracted release of active compounds, in whose 
preparation excipients and additives and/or auxiliaries such as disintegrants, binders, 
coating agents, swelling agents, lubricants, flavorings, sweeteners or solubilizers are 
customarily used as described above. The pharmaceutical compositions are suitable for 

15 use in a variety of drug delivery systems. For a brief review of present methods for drug 
delivery, see Langer, Science 249:1527-1533, 1990, which is incorporated herein by 
reference. 

The pharmaceutical compositions are preferably prepared and administered in dose units. 
Solid dose units are tablets, capsules and suppositories. For treatment of a patient, 

20 depending on activity of the compound, manner of administration, nature and severity 
of the disorder, age and body weight of the patient, different doses are necessary. Under 
certain circumstances, however, higher or lower doses may be appropriate. The 
administration of the dose can be carried out both by single administration in the form 
of an individual dose unit or else several smaller dose units and also by multiple 

25 administration of subdivided doses at specific intervals. 

The pharmaceutical compositions according to the invention may be administered locally 
or systemically. By "therapeutically effective dose" is meant the quantity of a compound 
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accordmg ,o ,h= invention necessary to prevent , t0 cae Qr |m ^ ^ ^ 

• symptoms of*= disorder and its complication,. Amounts effective for this use will of 
course, depend on the severiry of the disease and the weigh, and genera! state of 'the 
pattern. Typical*, dosages used ,'„ v,7,o may provide usefu, guidance in the amounts 
useful for *, suu administration of the pharmaceutical composition, and animal models 
may be used to determine effective dosages for treatment of particular disorders Various 
considerations are described, , g ., in Oilman „ e ds, Goodman A „H nn„„,. ^. 
Pharmaco^calR^ofrn^ uti-,, 8 ,„ ed _ Pergamon ^ , ^ ^ g^j^ 
Pharmaceutical Scier,^ , ,7th ed., Mack Publishing Co., Easton, Pa., ,990, each of 
10 which is herein incorporated by reference. 

The following examples are intended to illustrate but not to limit the invention in any 
manner, shape, or form, either explicitly or implicitly. While they are typical of those 
that might be used, other procedures, methodologies, or techniques known to those 
skilled in the art may alternatively be used. 



15 



EXAMPLES 

Here we evaluate the use of CpG ODN as an adjuvant for immunization of mice against 
hepatitis B virus surface antigen (HBsAg) given as a recombinant protein or expressed 

in vivo from a DNA vaccine. 

MATERIALS AND METHODS 

20 Animals 

Experiments on adult mice were carried bu, using female BALB/c good 
responded C57BI76 (B.0, H-2>, fair responder) and B10.S (H-2 ,MHC-res'«ricted 
hypo-responder to HBsAg) mice (Charles River, Montreal, QC) at 6-8 weeks of age 
Mice with class n MHC deficiency (C2D, H-2>, GenPharm, Mountain View, CA) due 
25 to gene knockout were used as a model of a non-responder. 
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Newborn mice were obtained through breeding male and female BALB/c mice (Charles 
River) in our own animal facility (Loeb Research Institute, Ottawa Civic Hospital, 
Ottawa, ON). Pregnant females were monitored daily to ensure accurate recording of the 
date of birth. Both male and female neonates were used for immunization. 

5 HbsAg subiinit vaccination of mice 

The subunit vaccine consisted of HBsAg (ay subtype) which had been produced as a 
recombinant protein in yeast cells (Medix Biotech #ABH0905). This was diluted in 
saline for use without adjuvant. HBsAg was also formulated with alum and/or CpG ODN 
as adjuvant. HBsAg protein was mixed with aluminum hydroxide (Alhydrogel 85, 
1 0 [A1 2 0 3 ], Superfos Biosector, Vedbaek, Denmark) in the same ratio of 25 mg Al 3+ per mg 
protein as used in the commercial vaccines (i.e., 2.5 ^1 2% A1 2 0 3 per jag HBsAg). The 
protein and alum were mixed with a vortex and then left on ice for at least 30 minutes 
prior to use to allow the protein to adsorb onto the A1 2 0 3 . This solution was mixed again 
immediately prior to injection by drawing up into the syringe 3-5 times. 

15 For groups treated with CpG ODN, an appropriate volume of synthetic 
oligodeoxynucleotide (ODN #1826) of the sequence TCCATGACGTTCCTGACGTT 
synthesized with a phosphorothioate backbone (Oligos Etc. & Oligo Therapeutics, 
Wilsonville, OR) was added alone or with alum to HBsAg on the day of injection. Adult 
mice received a single intramuscular (IM) injection into the left tibialis anterior (TA) 

20 muscle of 1 or 2 |ig HBsAg, without or with adjuvant (alum and/or CpG ODN), in 50 \il 
vehicle. When CpG DNA was added, each animal received a total of 1, 10, 100 or 500 
|Lig ODN. Newborn mice were immunized within 24 hours of birth or 7 days after birth 
by bilateral injection of a total of 1 jag HBsAg into the posterior thigh muscles (2x10 
(al @ 0.05 mg/ml). All injections were carried out with a 0.3 ml insulin syringe which 

25 has a fused 29G needle (Becton Dickenson, Franklin Lakes, NJ). For injection of adults, 
the needle was fitted with a collar of polyethylene (PE) tubing to limit penetration of the 
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needle to about 3 mm. All intramuscular injections were carried out through the skin 
(unshaved) and under general anesthesia (Halothane, Halocarbon Laboratories River 
Edge,NJ). 

DNA-based immunization of mice 

5 Mice were immunized against HBsAg using plasmid constructs encoding the major 
protein (S) of the HBV envelope. The plasmid pCPIO, containing two copies of the 
HBV genome {ay* subtype; GeneBank reference HPBAYW) as a head-to-tail fusion 
(Dubois et al, 1980), was the source of the envelope coding sequences and the 3' 
untranslated sequences which include the viral polyadenylation signal. A 1.9 kb 
10 Xhol-Bgm restriction fragment from pCPIO (containing the S coding sequences) was 
cloned into the corresponding sites of a modified p Bluescript SK vector containing extra 
restriction sites in the polylinker (kindly provided by Dr. Shahragim Tajbakhsh, Pasteur 
Institute). A Kpnl-BssHll restriction fragment was then removed and cloned into the 
pRc/CMV expression vector (Invitrogen) using the Kpnl site of the polylinker and the 
1 5 BssUH site within the neomycin gene of the vector. This cloning step places the envelope 
sequences under the control of the CMV promoter and removes the bovine growth 
hormone polyadenylation sequences, the fl origin, the SV40 promoter and origin, and 
most of the neomycin gene. An S V40 polyadenylation signal from the pRc/CMV vector ■ 
is found after the transcribed HBV sequences. This construct has been described 
20 previously (Davis et al, 1993) and is designated here as pCMV-S. 

DNA was purified on Qiagen anion-exchange chromatography columns (Qiagen GmbH, 
Hilden, Germany). This method, which yields predominantly supercoiled' 
double-stranded, closed circular DNA, results in virtually no contamination with 
chromosomal DNA, RNA or protein and very low contamination with endotoxin. The 
25 DNA was resuspended in sterile saline (0.15M NaCl, BDH) and the concentration of 
DNA was calculated based on absorbance of ultraviolet light (OD 260). The final 
concentration was adjusted to 0. 1 to 1 mg/ml and the DNA solutions were stored at -20C 
until required for injection. 
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Direct gene transfer in adult mice was carried out by unilateral or bilateral IM injection 
into the TA muscle of DNA in 50 ^il such that each animal received a total of 1, 10 or 
100 jag DNA. Newborn mice received a total of 10 ng DNA by bilateral injection into 
the posterior thigh muscles (2 x 10 |il @ 0.5 mg/ml). Injections were with a 0.3 ml 
5 insulin syringe which has a fused 29G needle, and for injection of adults the needle was 
fitted with a collar of PE tubing to limit penetration of the needle to about 2 mm. All 
intramuscular injections were carried out (through shaved skin for adults) under general 
anesthesia (Halothane) 

Experimental groups 

1 0 Comparison of alum and CpG ODN as adjuvant with HBsAg subunit vaccine 

Six groups of adult BALB/c mice (n=10) were injected with 1 ^g HBsAg (i) alone, 
(ii) mixed with alum, (iii) mixed with 100 ng CpG ODN, or (iv, v, vi) mixed with both 
alum and 10, 100 or 500 ^ig CpG ODN. These mice were bled at 1, 2, 3 and 4 weeks after 
immunization and the plasma was assayed for anti-HBs. Groups of adult C57BL/6 (B10), 

15 B 1 0.S and C2D mice (n=5) were injected 1 j^g HBsAg (i) alone, (ii) mixed with alum, 
(iii, iv, v) mixed with 1, 10 or 100 ng CpG ODN, or (vi, vii) mixed with both alum and 
10 or 100 (ig CpG ODN. Each animal was boosted by the identical procedure at 6 weeks. 
The mice were bled at 1 , 2, 4, 6 and 8 weeks after immunization and the plasma was 
assayed for anti-HBs. 

20 Use of CpG ODN as adjuvant with HBsAg-expressing DNA vaccine 

Three groups of adult BALB/c mice (n=10) were injected with a total of 10 (ig pCMV-S 
DNA alone or with 100 or 500 (ig CpG ODN added, divided between two injection sites. 
Groups of hypo-responder (B10.S) and congenic (B10) mice (n=10) were immunized 
with 50 |ig pCMV-S DNA divided between two sites. 
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Immunization of neonates with submit or DNA vaccine 

Groups of newborn BALB/c mice ( n =10) aged <24 hours or 7 days were injected with 
a total of 1 ug HBsAg with alum or with 1 0 ug pCMV-S DNA. Plasma was obtained at 
4, 8, 1 2 and 1 6 weeks for assay of anti-HBs. 

5 Combined DNA prime with protein boost 

Five groups of BALB/c mice („=,0) were tot immunized with . single mjec , ion ^ 
the ief. TA of i 0 M g pCMV-S, and received (i) no other treatment, or received 2 M g pure 
HBsAg (no adjuvant) (ii) a. the same time a. the same site, (iii) a, the same time and a, 
a d,ffcrent site (left quadriceps), (iii) 2 weeks later a, the different site or (iv) 8 weeks 
1 0 later at the different site. Mice were Wed a, 1 , 2, 4, 6. 8, 1 2, 20 and 24 weeks. 

Evaluation of immune response (o HbsAg 

Heparinized blood was collected by retrobulbar puncture of lightly anaesthetized mice 
as described elsewhere (Michel et al. , 1995). P,asma was recovered by centnfugation 
(7 mm @ 13,000 rpm). Antibodies specific to HBsAg in plasma were detected and 
15 quannfied by end-point dilution ELISA assay (in triplicate) on individual samples 
Ten-fold serial dilutions of plasma were first added to 96-well microtiter plates with a 
solid phase consisting of plasma-derived HBsAg particles (100 ul/well of HBsAg ay 
subtype at 1 ug/ m ,, coated overnight at RT) and incubated for 1 hr at 37C. The bound 
antibodies were then detected by incubation for 1 hr at 37C with HRP-conjugated goat 
20 anti-mouse IgG, IgM, IgGl or I g G2a (1:4000 in PBS-Tween, 10% FCS; 100 ul/well 
Southern Biotechnology Inc., Birmingham, AL), followed by incubation with OPD 
solution (100 ul/we„, Sigma, St. Louis, MO) for 30 minutes at RT in the dark THe 
reaction was stopped by the addition of sulfuric acid (50 ul of 4N H 2 S0 4 ). End-point titers 
were defined as the highest plasma dilution that resulted in an absorbance value (OD 
25 450) two times greater than that of non-immune plasma with a cut-off value of 0 05 
Anti-HBs titers were expressed- as group means of individual animal values, which were 
themselves the average of triplicate assays. 
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RESULTS 

CpG ODN versus alum as adjuvant for HBV subunit vaccine 

Strength and kinetics of humoral response 

Immunization of BALB/c mice with HBsAg alone elicited only low titers of anti-HBs 
5 (<100) by 4 weeks. These titers were 10-fold higher with the addition of alum as 
- adjuvant, 60-fold higher with CpG ODN and more than 500-fold higher with both alum 
and CpG ODN (FIG. 1). When combined with alum, there is a dose-response for CpG 
ODN with the best results being obtained with an intermediate dose (100 |ig) and similar 
somewhat poorer results being obtained with lower and higher doses (10 or 500 |ig) 
10 (FIG. 2). Nevertheless, all doses of CpG ODN greatly improved the titers compared to 
alum alone. 

In the C57BL/6 strain of mouse, antibody titers 4 weeks after HBsAg prime were about 
10-times lower than those seen in BALB/c mice, but when boosted at 6 weeks rose to 
similar levels within 2 weeks. When used alone, alum and CpG ODN (100 |ig) each 
1 5 augmented the humoral response about 1 00-fold but when used together increased titers 
about 1000-fold. A dose-response for CpG ODN was also noted in these mice (in the 
absence of alum) with 100 \ig being superior to either 10 or 1 (ig, although all doses had 
an adjuvant effect (FIG. 4). 

In the hypo-responder B10.S mice no anti-HBs antibodies were detected with HBsAg 
20 alone and low titers were obtained if either CpG ODN or alum are added. The use of 
alum and CpG together gives the best result although the synergy is less evident than in 
the BALB/c and C57BL/6 mice (FIG. 5). Non-responder (C2D) mice have no detectable 
anti-HBs after immunization with HBsAg alone. There are low levels of IgM with 
addition of alum and this is increased 4-fold with further addition of CpG ODN. There 
25 is essentially no detectable IgG after injection of HBsAg + alum, but low titers with both 
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alum and CpO ODN (FIG. 6). Treatment with CpG DNA was we.. .derated by a., mic e 
even those receiving , he 500 ug dose. There was no apparent ruffling of for, diarrhea or 

other signs of toxicity. 

Thl versus Thl responses 
5 Immunization of C57BL mice with either HBsAg alone or with alum induces a 
predominantly Th2-type humoral response with almost all (>99%) antibodies being of 
the IgGl isotype. CpG ODN induces significantly more IgG2a antibodies, which are 
.nd.cat.ve of a Thl-type response, although IgGl still predominate. Remarkably the 
combination of alum and CpG ODN induces about ten-times more IgG2a than IgGl 
1 0 indicating a real shift from Th2 to Thl (FIG. 7). In BALB/cmice, the anti-HBs response 
with alum ,s Th2, but with no adjuvant is mixed Thl-Th2 and with CpG ODN is strongly 
Thl. B3 

CpG ODN as adjuvant to HBV DNA vaccine 

DNA vaccines induced higher levels of anti-HBs more rapidly than did HBsAg even 
15 when alum was included (compare FIG.s 1 and 8). Addition of CpG ODN^o the 
pCMV-S DNA vaccine increased anti-HBs titers a further five-fold by 4 weeks. The 500 
ug dose was slightly better than the 100 ug dose (FIG. 8). The DNA vaccine was also 
superior to the HBsAg subunit vaccine in hypo-responder mice. A single injection of 
DNA induced earlier appearance of anti-HBs, and these reached higher titers than with 
20 two doses of protein given at 0 and 4 weeks (FIG. 9). 

Antigen versus DNA-based immunization of neonates 

Mice immunized with HBsAg plus alum on the day .of birth had no detectable anti-HBs 
even up to 16 weeks later. In contrast, those injected with the DNA vaccine had low ' 
levels of anti-HBs by 4 weeks and a good titer (10*1 by 16 weeks. Immunization of 7 day 
25 old mice with either DNA or protein induced anti-HBs, although these appeared much 
earlier and were much higher with the DNA vaccine. In fact, the DNA vaccine at one day 
was superior to the protein vaccine given at 7 days (FIG. 10). 
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Combined DNA- and antigen-based immunization 

Co-administration of pure recombinant HBsAg and the DNA vaccine at either the same 
or different sites did not significantly improve titers of anti-HBs over those induced by 
the DNA vaccine alone. Nor was a boosting response seen when the HBsAg protein was 
5 given two weeks after the DNA vaccine. However, administration of the protein vaccine 
8 weeks after the DNA vaccine gave a strong boosting response with titers increasing 
more than 10-fold over those with the DNA vaccine alone (FIG. 11). 

DISCUSSION 

CpG ODN versus alum as adjuvant with HBV subunit vaccine in mice 

1 0 CpG ODN is as good as or superior to alum when each is used alone as adjuvant with the 
HBsAg subunit vaccine in mice. This indicates that CpG ODN could be used to replace 
alum in vaccine formulations, which could be desirable to avoid associated side-effects 
due to local irritation in the muscle. Furthermore, for certain live-attenuated or 
multivalent vaccines, it is not possible to use alum which through chemical interactions 

1 5 interferes with the efficacy of the vaccine. This should not occur with CpG ODN. 

Of even greater interest is the strong synergistic response when CpG ODN and alum are 
used together to adjuvant the HBsAg subunit vaccine. In humans, this could result in a 
much higher proportion of individuals attaining protective titers of anti-HBs after two or 
possibly even one dose of vaccine. Furthermore, protective titers should be reached more 
20 quickly and this would be beneficial for immunization in endemic areas. There is a fairly 
weak dose response to CpG ODN whether or not alum is present, indicating that a wide 
range of CpG ODN could be useful to adjuvant vaccines in humans. 

CpG ODN induces Thl response even in presence of alum 

Aluminum hydroxide (alum) is currently the only adjuvant approved for human use. An 
25 important disadvantage of alum is that it induces a Th2- rather than a Thl -type immune 
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-ponse, and .hismay interfere with induction of CTL. Indeed, in mice immunized with 
recombinant HBsAg, the addition of aium selectively blocked activation of CDS' CTL 
(WdmUxW. ,994, Ahhough no, essentia, for protective immtuuty against HBV 

^^-verttelesspiaya.intpor^troie.Forexample.aiackofHBV-.peciflcCTL' 
5 » .hough, to contribute to the chronic carrier state. Ln contmst, one of the primary 

advantages of CpG DNA over alum as an adjuvan, is , h e Thl-bias of the responses and 
dtus A. possibility to induce CTL. A striking finding fan te present stady is that CpG 
can compieteiy counted, the Th2-bias of alum when the two adjuvants are delivered 
together. This couid a!,ow one to capitalize on the strong synergistic action of the two 
1 0 adjuvants on the humoral response while still allowing CTL. 

The use of alum has been linked ,0 Th2-type diseases: The much higher prevalence of 
asthma (another Th2-«ype disease) in more highly developed nations may be linked to 
«he htghhygieue level andrapid treatment of childhood infections (Cookson and Moffat, 
1997). Early exposure to bacterial DNA (and immunostimula«oty CpO motifs) pushes' 
15 the tmmune system away from Th2- and towards a Thl-type response and this may 
account for the tower incidence of asutma in less developed countries, where mere is a 
much htgher frequency of upper respiratory infections during childhood. Addition of 
CpG ODN as adjuvan, to all pediatric vaccines could re-establish a Thl-type response 
thereby reducing the incidence of asthma. 



20 CpG dinucleotides and DNA vaccines 

More recently however, i, has been shown tha, the presence of unmethylated CpG motifs 
» .he DNA vaccines is essential for the induction of immune responses against the 
anugen,wluch is expressed only in very small quantities (Sato«a/. , 1996). As such the 
DNA vaccine provides its own adjuvan, in the form of CpG DNA. Since single-stianded 

25 bu, no, double-suanded DNA can induce inununostimulation in viiro (Krieg e, a! 
unpublished observation), the CpG adjuvan, effect of DNA vaccines in v/w, is likely due 
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to oligonucleotides resulting from plasmid degradation by nucleases. Only a small 
portion of the plasmid DNA injected into a muscle actually enters a myofiber and is 
expressed, the majority of the plasmids is degraded in the extracellular space. 

CpG and HBV vaccines for human use 

5 Prophylactic vaccine 

Fewer than 20% of healthy individuals attain protective levels of anti-HBs (10 mlU/ml) 
after a single dose of subunit HBV vaccine and only 60-70% reach this level after two 
doses. Thus, three doses (usually given at 0, 1 and 6 months) are required to seroconvert 
>90% of vaccinated individuals. The three dose regime is frequently not completed 

10 owing to poor patient compliance, and in endemic areas, protective levels may not be 
induced quickly enough. Thus there is a need for a prophylactic vaccine that can induce 
protective immunity more quickly and with fewer doses. This might be possible with the 
addition of CpG ODN as an adjuvant to the subunit vaccine. Another possibility is an 
HBsAg-expressing DNA vaccine, which could be optimized by addition of CpG 

1 5 dinucleotide motifs. DNA vaccines would offer additional advantages such as relatively 
low cost and ease of manufacturing, and heat-stability which circumvents the 
requirement for a cold-chain. 

Neonates born in endemic areas require particularly rapid induction of strong 
HBV-specific immunity owing to the high rate of chronicity resulting from infection at 

20 a young age. Without immunoprophylaxis, 70-90% of infants born to mothers positive 
for both HBsAg and the e antigen (HBeAg) become infected and almost all of these 
become chronic carriers (Stevens et al , 1987). Even when vaccinated with a four dose 
regime of the HBV subunit vaccine commencing on the day of birth, 20% of such infants 
became chronically infected and this was reduced to only 15% if they were also given 

25 HBV-specific immunoglobulin (Chen et al , 1 996). Subunit or DNA vaccines with CpG 
adjuvant should reduce this further owing to a more rapid appearance and higher titers 
of anti-HBs antibodies and the induction of HBV-specific CTL, which could help clear 
virus from the liver of babies infected inutero, and which likely account for most of the 
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failles with neonatai vaccination. DNA vaccine, c „„, d be paniculilrlv effectjve if 

coupled with a protein boost. 

Non-responders and hypo-responders 

Between 5 and 1 0% of individuals are non-responders or hypo-responders to the subunit 
5 HBsAg vaccine. Tins may be MHC-restricted (Kxuskall et al, 1992) and is thought to 
result from a failure to recognize T-helper epitopes. In certain immunocompromised 
mdnrfduab (e.g., kidney dialysis patients, alcoholics) the rate of non-response can 
approach 50%. In the present study, alum plus CpG ODN gave higher anti-HBs titers 
than alum alone in a strain of mice which has MHC-restricted hypo-responsiveness to 
10 HBsAg, thought to result in a failure to recognize T-helper epitopes. CpG ODN also 
overcame non-response in mice genetically incapable of providing T-hel P owing to an 
absence of class H MHC (Milich, 1988). These results support the in vitro finding that 
CpG ODN drives the T cell independent activation of B cells. Use of CpG DNA as an 
adjuvant may increase the response rate to HBsAg in humans. A link between MHC 
15 phenotype and non-responsiveness to HBsAg has been demonstrated in humans 
(Kruskall etal, 1992). 

Chronic carriers of HBV 

HBV chronica result in 10-15% of individuals infected as adolescents or adults b« 
90-95% for those infected (either vertically or horizontally) as infants. HBV chronicity 
20 eventually leads to cirrhosis and increased risk of hepatoceHular carcinoma and an 
estimated one million people die each year from HBV-related liver disease Persistent 
HBV infection of the liver results when acute infection fails to taunch an appropriate 
.mmune response to clear the virus. Such chronic carriers have circulating HBsAg and 
HBV core antigen (HBcAg/HBeAg) without specific immunity. It is thought that the 
25 absence of HBV-specific CTL may contribute to the establishment and maintenance of 
the chronic carrier state. Indeed, marty previously infected individuals, even years after 
chmcal and serological recovery, have traces of HBV in their blood and HBV-specific 
CTL that express activation markers indicative of recent comae, with antigen 
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(Rehermann et al, 1996). These results suggest that sterilizing immunity may not occur 
after HBV infection and that chronic activation of CTL is responsible for keeping the 
virus under control. 

There is currently no cure for the HBV chronic infection. Interferon is used currently but 
5 this cures only 10-20% of treated individuals (Niederau et al, 1996). Anti-viral drugs 
(e.g., lamivudine) can reduce circulating virus to undetectable levels, however these 
return to pretreatment levels if the drug is stopped. Each of these types of treatment is 
also expensive and has certain undesirable side-effects. 

The possibility to induce a strong Thl-type response with CpG ODN added to a subunit 
10 vaccine may help overcome the chronic carrier state. For this application, it might be 
desirable to include additional B and T cell epitopes encoded by other domains of the 
HBV envelope protein (e.g., pre-Sl and pre-S2). Since the pre-Sl polypeptide may 
prevent secretion, it might be desirable to encode a truncated version of this such as that 
described by Li et al (1994) with only amino acids 21-47 which include the hepatocyte 
15 receptor-binding site and induce anti-preSl immune responses yet still maintain particle 
secretion. Repeated doses of a subunit vaccine containing the middle HBV envelope 
protein (preS2 + S) reduced viral replication in 50% of vaccinated chronic carriers (Pol 
et al , 1993). Addition of CpG ODN would presumably improve these results through 
its strong Thl bias. 

20 A DNA vaccine might also prove very effective as a therapeutic vaccine for HBV 
chronic carriers. We have previously shown that an HBsAg-expressing DNA vaccine 
could break tolerance to HBsAg in transgenic mice expressing HBsAg in the liver from 
before birth (Mancini et al , 1996). This response appears to be mediated by T cells via 
a non-lytic mechanism. Addition of CpG dinucleotide motifs that preferentially induce 

25 Thl cytokines and strong CTL responses could further improve DNA vaccines for 
application to HBV chronic carriers. 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9B40100A1JA> 



WO 98/40100 

PCI7US98/04703 



■31 



CONCLUSION 

ODN containing CpG dinucleotides, in the proper base context to cause immune 
action, are useful as an adjuvant to protein vaccines (whole pathogen or subunit) The 
C P G ODN could be used alone or in combination with alum. Used alone, it will allow 
5 the possibility to adjuvant vaccines that cannot be mixed with alum (e.g., live attenuated 
pathogens, multivalent vaccines). Used together, it will capitalize on the synergistic 
effect to mduce very potent immune responses, yet still maintain the Thl bias of CpG 
DNA. CpG dinucleotides also act to adjuvant DNA vaccines. Additional CpG given as 
ODN or cloned into the plasmid vector could further augment immune responses. 

10 With respect to vaccines against HBV, CpG ODN could be added as an adjuvant to 
recombinant HBsAg subunit vaccines, either alone or in combination with alum, or can 
be cloned into an HBsAg-expressing DNA vaccine. These improved vaccines can (i) 
.nduce higher titers more quickly and reduce the number of doses required to induce 
protective immunity from three to two, (ii) overcome hypo- or non- responsiveness to 

15 HBsAg, (,ii) control the chronic carrier state through induction of CTL, and (iv) induce 
rapid and stronger immunity in neonates in HBV endemic areas. 
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CLAIMS: 

i A method of inducing an immune response in a subject, said method compnsmg: 

administering to the subject a iherapeuticaUy effective amount of nude.c acrd 
encoding an antigenic po.ypeptide, and a therapeuticaiiy effective amount of an 
oligonucleotide confining at least one unmeditated CpO dinucleotide. 

2. The method of claim !, wherein the oligonucleotide is from 8-30 bases in length. 

3. The method of claim 1 , wherein the subject is human. 

4 The method of claim 1 , wherein said nucleic acid encoding an antigenic protein and an 
' effective amount of an oligonucleotide containing a. leas, one unme.hyla.ed CpO 
dinucleotide are administered in a vector. 



, 5. The m=.hod of claim 1, wherein said nucleic acid encoding an antigenic protein encodes a 
2 viral antigen. 



6. The 



method of claim 5, wherein said viral antigen is a hepatitis viral antigen. 



, 7. Thememodofdaim^wheremsaidhepatitisviralantigenisahepatitisBvirussurface 

2 antigen. 

8. The method of claim 1, further comprising administering an adjuvant. 

9. The method of claim 8, wherein the adjuvant is aluminum hydroxide. 

10. The method of claim 1 , wherein the oligonucleotide has a formula: 
2 S-N.X.CGXWCSEQIDNO:!) 

wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanme, or 
thymidine; X 2 is cytosine or thymine, N is any nucleotide andN, +N 2 is from about 0-26 
5 bases. 
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11. The method of claim 10, wherein N ( and N 2 do not contain a CCGG quadmer or 
more than one CGG trimer; and the nucleic acid sequence is from about 8-30 
bases in length. 

12. The method of claim 1, wherein the oligonucleotide has a formula: 
5' N 1 X,X 2 CGX 3 X 4 N 2 3* (SEQ ID NO:2) 

wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X 3 X 4 is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. 

13. The method of claim 12, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CCG or CGG trimer; and the nucleic acid sequence is from about 
8-30 bases in length. 

14. The method of claim 12, wherein said oligonucleotide is 5- 
TCCATGACGTTCCTGACGTT-3* (SEQ ID NO:3). 

15. The method of claim 1 , said further comprising: 

administering to the subject an therapeutically effective amount of the antigenic 
polypeptide. 

16. A method for treating a subject having or at risk of having a viral -mediated 
disorder, comprising administering to the subject a therapeutically effective 
amount of a nucleic acid encoding an antigenic polypeptide and an effective 
amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide. 

17. The method of claim 16, wherein the oligonucleotide is from 8-30 bases in length. 



18. 



The method of claim 16, wherein the subject is human. 
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19 The method of claim 16, wherein said nucleic acid encoding an antigenic protein 

and an effective amount of an oligonucleotide containing at least one 
unmethylated CpG dinucleotide are administered in a vector. 



! 20. The 



2 

! 21. 
2 

1 22. 



method of claim 16, said further comprising administering to the subject an 
therapeutically effective amount of the antigenic polypeptide . 

The method of claim 16, wherein said nucleic acid encoding an antigenic 
polypeptide encodes a viral aniitzen. 

The method of claim 20, wherein said viral antigen is a hepatitis antigen. 

method of claim 22, wherein said hepatkis antigen is a hepatitis B surface 



1 23. The 

2 , antigen. 

24. The method of claim 16, further comprisimg administering an adjuvant. 

25. The method of claim 24, wherein the adjuvant is aluminum hydroxide. 



26. The method of claim 16, wherein the oligonucleotide has a formula: 

5 f N,X l CGX 2 N 2 3' (SEQ ID NO: I) 
wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymidine; X 2 is cytosine or thymine.N is any nucleotide and N, + N 2 is from about 0-26 



1 

2 
3 
4. 

5 bases. 



1 

2 
3 



27. The method of claim 26, wherein N, and N 2 do not contain a CCGG quadmer or 

more than one CGG trimer; and the nucleic acid sequence is from about 8-30 
bases in length. 
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28. The method of claim 16, wherein the oligonucleotide has a formula: 
5' N,X,X 2 CGX^X 4 N 2 3' (SEQ ID NO:2) 

wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X 3 X 4 is selected from the group 
consisting of TpT or CpT; N is any nucleotide and N, + N 2 is from about 0-26 bases. 

29. The method of claim 28, wherein N, and N 2 do not contain a CCGG quadmer or 
more than one CCG or CGG trimer; and the nucleic acid sequence is from about 
8-30 bases in length. 

30. The method of claim 28, wherein fcaid oligonucleotide is 5 1 - 
TCCATGACGTTCCTGACG1T-3* (SEQ ID NO:3). 

31. A method for treating a subjeel having or at risk of having a chronic viral 
infection, said method comprising administering to the subject an effective 
amount of a nucleic acid encoding an antigenic polypeptide and an effective 
amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide. 

32. The method of claim 3 1, wherein the oligonucleotide is from 8-30 bases in length. 

33. The method of claim 3 1 , wherein the subject is human. 

34. The method of claim 31 , said further comprising administering to the subject an 
therapeutically effective amount of the antigenic polypeptide , 

35. The method of claim 3 1 , further comprisimg administering an adjuvant. 

36. The method of claim 34, wherein the adjuvant is aluminum hydroxide. 



37. 



The method of claim 3 1 , wherein said antigenic protein is a viral antigen. 



1 



5 



3 



38. 



39. 



40. 
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The method of claim 37, wherein said viral antigen is a hepatitis viral antigen. 

The method of claim 38, wherein said hepatitis viral antigen is a hepatitis B 
surface antigen. 

The method of claim 31, wherein the oligonucleotide has a formula: 



2 S'N.X.GGXjN^'CSEQIDNO:!) 

3 wherein at least one nucleotide separates consecutive CpGs; X, is adenine, guanine, or 
thymidine; X 2 is cytosine or thymine, N is any nucleotide and N, + N 2 is from about 0-26 

5 bases. 

41. The method ofclaim 40, wherein N, and N 2 do not contain a CCGG quadmer or 

2 more than one CGGtrimer; and the nucleic acid sequence is from about 8-30 

3 bases in length. 



42. The method of claim 31, wherein the oligonucleotide has a formula: 

5'N,X 1 X 2 CGX 3 X 4 N J 3' (SEQIDNO:2) 



wherein at least one nucleotide separates consecutive CpGs; X,X 2 is selected from the 
group consisting of GpT, GpG, GpA, ApT and ApA; X 3 X, is selected from the group 



consisting of TpT or C P T; N is any nucleotide and N, + N 2 is from about 0-26 bases. 



, 43. The method of claim 42, wherein N.andN, do not contain a CCGG quadmer or 

2 more than one CCG or CGGtrimer, and the nucleic acid sequence is from about 

8-30 bases in length. 



44. The method of claim 42, wherein said oligonucleotide is 

5<-TCCATGACGTTCCTG ACGTT-3' (SEQ ID NO :3). 
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A pharmaceutical composition comprising an immumostimulaotry CpG 
oligonucletide and a nucleic acid encoding an antigenic protein in a 
phamaceutically acceptable carrier. 
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AMENDED CLAIMS 

[received by the International Bureau on 14 August 1998 (14.08.98); 
original claims 1-45 cancelled; new claims 1-136 added (15 pages)] 

A method of inducing protective immune response in a subject having or at 
risk of having infection with an infectious organism, said method comprising 
administering to the subject a therapeutically effective amount of an antigen, 
and a therapeutically effective amount of an oligonucleotide containing at 
5 least one unmethylated CpQ dinucleotide. 

2. The method of claim 1, wherein said infectious organism is a bacteria or a 

parasite. 

3 The method of claim 1 , wherein said infectious organism is a virus. 

4. The method of claim 3, wherein said virus is a hepatitis vims. 

Iq 5 The method of claim 4, wherein said hepatitis virus is a hepatitis B virus. 

6. The method of claim 1, wherein the oligonucleotide is from 8-30 bases in 
length. 

7. The method of claim 1, wherein the oligonucleotide is contained within a 
plasmid made with a natural phosphodiester backbone. 

!5 g The method of claim 1 , wherein the oligonucleotide is made completely or 

partially with a synthetic backbone. 

9. The method of claim 8, wherein the oligonucleotide is made completely with 
a synthetic phosphorothioate backbone, 

10. The method of claim 8, wherein the oligonucleotide is made with a chimeric * 
20 backbone with synthetic phosphorothioate linkages at the 3 1 and 5 1 ends and 

natural phosphodiester linkages in the CpG-containing center. 
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The method of claim 10, wherein the said chimeric oligonucleotide is made 
with synthetic phosphorothioate linkages for five linkages at the 3' end and 
two linkages at the 5* end, and with natural phosphodi ester linkages in 
between. 

The method of claim 1, wherein the oligonucleotide has a formula: 
5*N1X1CGX2N23' (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and N 1 + N2 is from about 0-26 bases. 

The method of claim 12, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer; and the nucleic acid sequence is from 
about 8-30 bases in length. 

The method of claim 1 4 wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23* (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 
GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

The method of claim 14, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8-30 bases in length. 

The method of claim 14, wherein said oligonucleotide is 
5'-TCCATGACGTTCCTGACGTT-3 f (SEQ ID NO:3). 

The method of claim 1, wherein the antigen is a polypeptide. 

The method of claim 17, wherein said antigenic polypeptide is from a virus. 
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19. The method of claim 18, wherein said viral antigen is a hepatitis viral 
antigen. 

20. The method of claim 1 9, wherein said hepatitis viral antigen is a hepatitis B 
viral antigen. 



5 2L 



The method of claim 20, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 



22. The method of claim 1 , further comprising at least one additional adjuvant. 

23. Hie method of claim 22, wherein the additional adjuvant contains aluminum 
(alum). 

10 24. The method of claim 23, wherein the aluminum-containing adjuvant is 

aluminum hydroxide. 

25. The method of claim 1, wherein the antigen and the CpG containing 
oligonucleotide are administered in a delivery vector or vehicle. 

26. The method of claim 1 , wherein the subject is a mammal. 
15 27. The method of claim 1 , wherein the subject is a human. 

28. A method of inducing an immune response in a subject, said method 

comprising: administering to the subject a therapeutically effective amount 
of nucleic acid encoding an antigenic polypeptide, and a therapeutically 
effective amount of an oligonucleotide containing at least one unmethylated 
20 CpG dinucleotide. 
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29. The method of claim 28, wherein said immune response is to prevent 
infection by an infectious organism. 

30. The method of claim 29, wherein said infectious organism is a virus. 

3 1 . The method of claim 30, wherein said virus is a hepatitis virus. 
The method of claim 3 1, wherein said hepatitis virus is a hepatitis B virus. 

33. The method of claim 28, wherein said nucleic acid vector is a DNA vector 

34. The method of claim 33, wherein the CpG containing oligonucleotide is 
cloned into said vector. 

35. The method of claim 33, wherein said DNA vector is plasrnid DNA. 

10 36. The method of claim 28, wherein the CpG-containing oligonucleotide is a 

separate entity from the antigen-encoding nucleic acid vector. 

37. The method of claim 36, wherein the CpG oligonucleotide is contained in a 
plasrnid with a phosphodiester backbone. 

38. The method of claim 36, wherein said CpG-containing oligonucleotide has 
15 a partially synthetic backbone. 

39. The method of claim 38, wherein said oligonucleotide is made with a 
chimeric backbone with synthetic phosphorothioate linkages at the 3' and 5' 
ends and natural phosphodiester linkages in the GpG^ontaining center. « - <*... 
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40. The method of claim 39, wherein said chimeric oligonucleotide is made with 
synthetic phosphorothioate linkages for five linkages at the 3' end and two 
linkages at the 5' end, and with natural phosphodiester linkages in between. 

41. The method of claim 28, wherein the oligonucleotide has a formula; 
5 51^1X100X21^23' (SEQ ID NO: 1) wherein at least one nucleotide separates 

consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

42. The method of claim 41, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer; and the nucleic acid sequence is from 

10 about 8-1000 bases in length. 

43. The method of claim 28, wherein the oligonucleotide has a formula: 
5 r NlXlX2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 
GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 

j 5 of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

44. The method of claim 43, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimen and the nucleic acid sequence is from 
about 8-1 000 bases in length. 

45. The method of claim 43, wherein said oligonucleotide is 
20 S'-TCCATGACGTTCCTGACGTr-S' (SEQ ID NO:3), 

46. The method of claim 28, wherein said antigen-encoding nucleic acid encodes 
a viral antigen. ,,, 4f e 
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The method of claim 46, wherein said viral antigen is a hepatitis viral 
antigen. 

The method of claim 47, wherein said hepatitis viral antigen is a hepatitis B 
viral antigen. 

The method of claim 48, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 

The method of claim 28, wherein the antigen-encoding nucleic acid and the 
CpG-dinucleotide are administered in a delivery vector or vehicle. 



SL The method of claim 28, wherein the antigen-encoding nucleic acid and the 

1 0 CpG-dinucleotide are administered with an additional adjuvant. 

52. The method of claim 28, wherein the subject is a mammal. 

53, The method of claim 28, wherein the subject is a human. 



54. A method of inducing an immune response in a subject, said method 
comprising administering to the subject a therapeutically effective amount of 

15 nucleic acid encoding an antigenic polypeptide, a therapeutically effective 

amount of an oligonucleotide containing at least one unmethylated CpG 
dinucleotide, and a therapeutically effective amount of an antigen. 

55 . The method of claim 54, wherein the CpG dinucleotide is contained in same 
plasmid as that encoding the antigen and this is administered mixed together 

20 with the.antigen. 
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56, The method of claim 54, wherein said antigen-encoding and CpG dinucleo- 
tide-containing nucleic acid is given at a different site than said antigen plus 
CpG dinucleotide-containing oligonucleotide. 

57. The method of claim 54, wherein the said antigen-encoding and CpG 
dinucleotide-containing nucleic acid is given at a different time from said 
antigen plus CpG dinucleotide-containing oligonucleotide. 



58. The method of claim 57, wherein the immune response is primed by said 
antigen-encoding and CpG dinucleotide-containing nucleic acid and the 
response is boosted by said antigen plus CpG dinucleotide-containing 

10 oligonucleotide. 

59. The method of claim 54, wherein said antigenic polypeptide is the same as 
that encoded by the antigen-encoding nucleic acid. 

60. The method of claim 54, wherein said antigenic polypeptide is different than 
that encoded by the antigen-encoding nucleic acid. 

15 61. A method of treating a subject having an infectious disorder that is chronic 

or likely to become chronic, said method comprising: administering to the 
subject a therapeutically effective amount of an antigen, and a therapeutically 
effective amount of an oligonucleotide containing at least one unmethylated 
CpG dinucleotide. 

20 62. The method of claim 6 1 , wherein said infectious disease is viral. 

63 . The method of claim 62 wherein said viral disease is hepatitis. 

64. The method of claim 63, wherein said hepatitis disease is hepatitis B. 
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65. The method of claim 61. wherein the oligonucleotide i s from 8-30 bases in 

length. 



66. 



67. 



68. 



70. 



The method of claim 61. wherein the oligonucleotide is contained within a 
plasmid made with a natural phosphodiester backbone. 

The method of claim 61, wherein the oligonucleotide is made completely or 
partially with a synthetic backbone. 

The method of claim 67, wherein the oligonucleotide is made completely 
with a synthetic phosphorothioate backbone. 



69. The method of claim 67, wherein the oligonucleotide is made with a chimeric 

backbone with synthetic phosphorothioate linkages at the 3' and 5' ends and 
natural phosphodiester linkages in the CpG-containing center. 



The method of claim 69, wherein the oligonucleotide is made with a chimeric 
backbone with synthetic phosphorothioate linkages for rive linkages at the 3 1 
end and two linkages at the 5' end, and with natural phosphodiester linkages 



in between. 



71. The method of claim 61, wherein the oligonucleotide has a formula- 
5N1X1 CGX2N23' (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

72. The method of claim 71, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer; and the nucleic acid sequence is from, 
about 8-30 bases in length. 
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73. 



74. 



The method of claim 61, wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23' (SEQ ID NO: 2) wherein at least one nucleotide 
separates consecutive CpGs; X1X2 is selected from the group consisting of 
GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
of TpT and CpT; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

The method of claim 73, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer; and the nucleic acid sequence is from 
about 8-30 bases in length. 

75. The method of claim 73, wherein said oligonucleotide is 
10 S'.TCCATGACGTTCCTGACGTT-3' (SEQ ID NO:3). 

76. The method of claim 61 , wherein the antigen is a polypeptide. 

77. The method of claim 76, wherein said antigenic polypeptide is from a virus. 



78. 



80. 



The method of claim 77, wherein said viral antigen is a hepatitis viral 
antigen. 



15 79. The method of claim 78, wherein said hepatitis viral antigen is a hepatitis B 

viral antigen. 



The method of claim 79, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 



81. The method of claim 61, further comprising at least one additional adjuvant. 

20 82. The method of claim 81, wherein the additional adjuvant contains aluminum 

(alum). 
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83. The method of claim 82, wherein the additional aluminum-containing 
adjuvant is aliirninum hydroxide. 

84. The method of claim 61, wherein the antigen and the CpG containing 
oligonucleotide are administered in a delivery vector or vehicle. 

5 85. The method of claim 61, wherein the subject is a mammal. 

86. The method of claim 61 , wherein the subject is a human. 

87. A method of treating a subject having an infectious disorder that is chronic 
or likely to become chronic, said method comprising administering to the 
subject a therapeutically effective amount of nucleic acid encoding an 

1 0 antigenic polypeptide, and a therapeutically effective amount of an oligonu- 

cleotide containing at least one unmethylated CpG dinuclcotide. 

88. The method of claim 87, wherein said infectious disease is viral. 

89. The method of claim 88, wherein said viral disease is hepatitis. 

90. The method of claim 89, wherein said hepatitis disease is hepatitis B. 

15 91. The method of claim 87, wherein said nucleic acid vector is a DNA vector 

92. The method of claim 91, wherein the CpG containing oligonucleotide is 
cloned into said vector. 

93. The method of claim 91, wherein said DNA vector is plasmid DNA. 
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94. The method of claim 87, wherein the CpG-containiflg oligonucleotide is a 
separate entity from the antigen-encoding nucleic acid vector. 

95. The method of claim 94, wherein said CpG-containing oligonucleotide has 
a completely or partially synthetic backbone. 

5 96. The method of claim 95, wherein said oligonucleotide is made with a 

chimeric backbone with synthetic phosphorothioate linkages at the 3' and 5 1 
ends and natural phosphodiester linkages in the CpG-containing center. 

97. The method of claim 96, wherein said chimeric oligonucleotide is made with 
synthetic phosphorothioate linkages for five linkages at the 3' end and two 

10 linkages at the 5 f end, and with natural phosphodiester linkages in between. 

98, The method of claim 87, wherein the oligonucleotide has a formula; 
51^1X^0X2^3' (SEQ ID NO: 1) wherein at least one nucleotide separates 
consecutive CpGs; XI is adenine, guanine or thymidine; X2 is cytosine or 
thymine; N is any nucleotide and Nl + N2 is from about 0-26 bases. 

15 99. The method of claim 98, wherein the Nl + N2 do not contain a CCGG 

quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8-1000 bases in length. 

100. The method of claim 87, wherein the oligonucleotide has a formula: 
5'N1X1X2CGX3X4N23 , (SEQ ID NO: 2) wherein at least one nucleotide 
20 separates consecutive CpGs; XI X2 is selected from the group consisting of 

GpT, GpG, GpA, ApT and ApA; X3X4 is selected from the group consisting 
of TpT and CpT; N is any nucleotide andNl + N2 is from about 0-26 bases. 



AMENDED SHEET (ARTICLE 19) 



WO 98/40100 



- 51 - 



PCT/US98/04703 



101. The method of claim 100, wherein the Nl + N2 do not contain a CCGG 
quadmer or more than one CGG trimer, and the nucleic acid sequence is from 
about 8- 1 000 bases in length. 

102. The method of claim 100, wherein said oligonucleotide is 
5 5-TCCATGACGTTCCTGACGTT-3' (SEQ ID NO:3). 

1 03 . The method of claim 87, wherein said antigen-encoding nucleic acid encodes 
a viral antigen. 

104. The method of claim 103, wherein said viral antigen is a hepatitis viral 
antigen. 

10 105. The method of claim 104, wherein said hepatitis viral antigen is a hepatitis 
B viral antigen. 

1 06. The method of claim 105, wherein said hepatitis B viral antigen is a hepatitis 
B virus surface antigen. 

1 07. The method of claim 87, wherein the antigen-encoding nucleic acid and the 
1 5 CpG-dinucleotide are administered in a delivery vector or vehicle. 

108. The method of claim 87, wherein the antigen-encoding nucleic acid and the 
CpG-dinucleotide are administered with an additional adjuvant. 

109. The method of claim 87, wherein the subject is a mammal. 

1 1 0. The method of claim 87, wherein the subject is a human. 
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m A method of treating a subject having an infectious disorder that is chrome 

or likely to become chronic, said method comprising: administering to the 
subject a therapeutically effective amount of nucleic acid encoding an 
antigenic polypeptide, a therapeutically effective amount of an oligonucleo- 
tide containing at least one unmethylated CpG ^nucleotide, and a therapeuh- 
cally effective amount of an antigen, 

112 . The method of claim 111, wherein the CpG dinueleotide is contained in the 
same plasmid as that encoding the antigen. 

! 13 The method of claim 1 12, wherein said antigen-encoding and CpG dinucleo- 

tide-containing nucleic acid is given mixed together with said anUgen. 

The method of claim 111. wherein said antigen-encoding and C P G dinucleo- 
tide-containing nucleic acid is given at a different site than said antigen plus 
CpG dmucleotide-containing oligonucleotide. 

U5 The method of claim 111. wherein the CpG-containing oligonucleotide is a 

separate entity from the nucleic acid encoding an antigenic polypeptide. 

H6. The method of claim 115, wherein said CpG-containing oligonucleotide is 
contained within a plasmid. 

117. The method of claim 115, wherein said CpG-containing oligonucleotide is 
made with a completely or partially synthetic backbone. 

The method of claim 111, wherein the said antigen-encoding and CpG 
dinucleotide-containing nucleic acid is given at a different time from said 
antigen plus CpG dmucleotide-contoining oligonucleotide. 



20 118. 
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1 1 9. The method of claim 1 1 8, wherein the immune response is primed by said 

antigen-encoding and CpG dinucleotide-containing nucleic acid and the 
response is boosted by said antigen plus CpG dinucleotide-containing 
oligonucleotide. 

5 120. The method of claim 111, wherein said antigenic polypeptide is the same as 
that encoded by the antigen-encoding nucleic acid. 

121 . The method of claim 111, wherein said antigenic polypeptide is different than 
that encoded by the antigen-encoding nucleic acid. 

122. A pharmaceutical composition comprising an antigen and an oligonucleotide 
10 containing an immunostimulatory CpG motif in a pharmaceutical^ 

acceptable carrier. 

123. The composition of claim 122, wherein the said antigen is a viral antigen. 

124. The composition of claim 123, wherein the said viral antigen is a hepatitis 
viral antigen. 

15 125. The composition of claim 124, wherein the said viral hepatitis antigen is a 

hepatitis B antigen. 

126. The composition of claim 125, wherein the said hepatitis B antigen is a 
hepatitis B surface antigen. 

127. A pharmaceutical composition comprising a nucleic acid encoding an 
20 antigenic protein and an oligonucleotide containing an immunostimulatory 

CpG motif in a pharmaceutical^ Acceptable carrier. *~ 
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131. 



134. 



position of claim 127, wherein the said antigen is a viral antigen. 



128. The com] 

129. The composition of claim 128, wherein the said viral antigen is a hepatitis 
viral antigen. 

130 . The composition of claim 129, wherein the said viral hepatitis antigen is a 
5 hepatitis B antigen. 



135. 



15 136. 



The composition of claim 130, wherein the said hepatitis B antigen is a 
hepatitis B surface antigen. 



132 A pharmaceutical composition comprising a nucleic acid encoding an 

antigenic protein and an antigen in a pharmaceutical* acceptable earner. 

10 133- The composition of claim 132, wherein the said antigen is a viral antigen 

The composition of claim 133, wherein the said viral antigen is a hepatitis 

viral antigen. 



The composition of claim 134, wherein the said viral hepatitis antigen is a 
hepatitis B antigen. 

The composition of claim 135, wherein the said hepatitis B antigen is a 
hepatitis B surface antigen. 
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Immunization of BALB/c mice against HBsAg 
using alum and/or CpG oligos as adjuvant 
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Immunization of BALB/c mice with HBV vaccine 
Dose response for CpG oligos 
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Immunization of hypo-responder mice (B10.S) 

against HBsAg: 
Adjuvant effect of alum and/or CpG DNA 




Figure 5 



WO 98/40100 



6/11 



PCT/US98/04703 



Immunization of non-responder mice (C2D) 

against HBsAg: 
Adjuvant effect of alum and CpG DNA 
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Immunization of C57BL/6 mice against HBsAg 
Effect of adjuvant of antibody isotype 
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DNA immunization of BALB/c mice against HBsAg 
Use of CpG oligos as adjuvant 
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DNA-based immunization of 
hypo-responder mice against HBsAg with 
protein (subunit) or DNA vaccines 
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Immunization of newborn BALB/c mice against HBsAg 

DNA vs protein vaccine 
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Immunization of BALB/c mice against HBsAg by 
combined DNA and subunit vaccine approach 
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